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The American Association of State Highway and Transportation Officials 
(AASHTO) adopted the Mechanistic-Empirical Pavement Design Guide (MEPDG) in 
2008 and state agencies are now transitioning from the classical empirical procedures 
derived from the American Association of State Highway Officials (AASHO) Road Test. 
This thesis focuses on the practical implications of this transition: specifically, the 
changes to required pavement thickness.  The AASHO Road Test pavement distress 
histories are compared against the MEPDG and AASHTO 1993 performance predictions 
using several performance measures (PSI, IRI, rutting, and cracking). No existing 
relationships from the literature were found to fit the AASHO Road Test recorded data so 
new relationships were developed to relate measured PSI to MEPDG predicted distresses. 
The findings, although somewhat inconclusive due to inherent difficulties in modeling 
the conditions at the Road Test for the MEPDG, suggest that the MEPDG predicts 
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 This thesis covers the topic of pavement design from 1958 through 2009, 
including the American Association of State Highway Officials (AASHO) Road Test, 
American Association of State Highway and Transportation Officials (AASHTO) 
Pavement Design Standards, and the Mechanistic-Empirical Pavement Design Guide 
(MEPDG).  It is prepared by Sarah B. Fick in partial fulfillment of the University of 
Maryland, College Park, Master of Science degree requirements.   
The research discussed herein was sponsored by the Federal Highway 
Administration (FHWA) Universities and Grants Programs under the supervision of the 
Design Guide Implementation Team (DGIT).  It was carried out from September 2009 to 
November 2010 as part of the  Dwight David Eisenhower Transportation Fellowship 
2009 Grant for Research (GRF) project #6 “Assessing Sustainability: Pavement 
Construction and Network Sustainability Management.”   
The purpose of this Eisenhower GRF project was to aid state department of 
transportation agencies in the ongoing transition to mechanistic-empirical pavement 
design.  It is a comparative study between the AASHTO 1993 design procedure and the 
MEPDG with respect to the practical differences in predicted performance, predicted 
service life, and the required structural thickness of the pavement.  The two design 
methods were not only to be compared to each other, but also assessed for accuracy by 
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Chapter 1: Introduction 
The strength of a nations’ transportation network is directly related to its 
economic health and growth.  The need to rehabilitate our nation’s crumbling 
infrastructure in the coming years is inescapable.  The Department of the Treasury 
recently reported that public works projects repairing existing roadways, planning for 
new transit options, and increasing transportation capacity are of critical importance as 
America struggles through this recession.  While the merits of investing in infrastructure 
are well documented, it is “not clear that policy makers should expect the same rate of 
return for [future] infrastructure investments…poorly planned, non-strategic investment 
is not only a waste of resources, but it can also lead to lower economic growth and 
production,” (Department of the Treasury, 2010).  With more trucks carrying heavier 
loads over longer distances, classical pavement design procedures are no longer cost 
effective and sustainable—making an evolution in how transportation engineers evaluate 
pavement performance more important than ever. 
The paradigm-shifting “Interim AASHTO Mechanistic-Empirical Pavement 
Design Guide” (MEPDG) was officially adopted by the American Association of State 
Highway and Transportation Officials in 2008 (AASHTO, 2008).  In 2003 and again in 
2007, the Federal Highway Administration (FHWA) conducted a national survey to 
determine the state of practice for pavement design amongst state highway 
administrations.  Both surveys indicate that current practice is use of an empirical design 
procedure derived from the 1950’s AASHO Road Test.  The most recent survey showed 
that 75% of state agencies use a version of the AASHTO empirical design procedure, 




highway administrations intend to implement the new MEPDG, with 56% planning to 
make the transition in the next seven years.  Moreover, the percentage of state agencies 
planning to implement the MEPDG nearly doubled between the 2003 and 2007 surveys.  
(Crawford, 2009) 
The increasing interest and number of independent evaluations of the MEPDG are 
evidence enough of the transition underway.  A significant and practical implication from 
adopting any new pavement design methodology is the resulting change in pavement 
structural thickness.  The purpose of this thesis is to compare the AASHTO empirical and 
MEPDG procedures in terms of the required structural thickness for flexible pavements 
needed to perform satisfactorily under the designed traffic loadings.  Specifically, the 
objectives are as follows: 
1. Verify the accuracy of the 1993 AASHTO Pavement Design Procedure 
and the Mechanistic-Empirical Pavement Design Guide predictions in the 
context of the AASHO Road Test;  
2. Evaluate existing pavement performance measures and identify thresholds 
of serviceability that permit the user to convert between the framework of 
either procedure;  
3. Identify the key practical differences with regard to structural capacity 






The research supporting these objectives as well as a discussion of the 
complications encountered during this study and the key results are presented in the 
following chapters: 
Chapter 1: Introduction 
 The introduction covers the background necessary for understanding the research 
discussed herein and justifies the need for continued research in this field.  
Chapter 2: Literature Review 
 Several papers and journal articles are reviewed and discussed in relation to this 
thesis.  Literature is divided into two categories; those involving recent comparative 
studies between the MEPDG and AASHTO design procedures and those developing 
relationships between the parameters used by either procedure. 
Chapter 3: Development of Pavement Design 
 This chapter is divided into three sections: the AASHO Road Test, AASHTO 
1993 Pavement Design, and the Mechanistic-Empirical Pavement Design Guide.  Each of 
these sections includes two discussion points.  In the case of the Road Test, the design of 
the experiment along with pavement research is covered, and for the two design 
procedures, the specific inputs used for this study are defined.  The second point covered 
in each section details problems that arose specific to this study. 
Chapter 4: Pilot Study 
 The pilot study encompasses preliminary work aimed at evaluating the conditions 






Chapter 5: AASHO Road Test Modeling 
 This chapter covers the first study objective and addresses the accuracy of both 
design procedures in the context of the AASHO Road Test.  Model predictions are 
presented and discussed.  The second objective is also addressed in the context of 
shortcomings of existing performance measure relationships. 
Chapter 6: Performance Model Development 
 This chapter discusses the data compilation and regression analysis attempts for 
developing a new statistically relevant relationship between PSI and pavement distresses. 
Chapter 7: Key Insights and Lessons Learned 
Final comments and key insights are discussed in this chapter as well as lessons 




Chapter 2: Literature Review 
 Several studies relating to the AASHO Road Test, AASHTO empirical design 
procedure, and the MEPDG were consulted for this research.  Included here is a summary 
of the technical reports most relevant to this study.  Literature is divided into two 
categories:  first, a representative synopsis of existing and ongoing comparative studies 
between the AASHTO Design Guide and the MEPDG; second, studies consulted to 
explore existing relationships between classical and contemporary pavement performance 
measures.  
2.1  AASHTO vs. MEPDG Studies 
Recently, many states have performed calibration studies to customize the 
MEPDG to specific regional conditions and standards in pavement design.  Three 
representative studies are presented here that explore the accuracy of the MEPDG in 
comparison to the traditional AASHTO empirical design procedure and historical 
pavement performance data.  The first paper by Kim et al. (2010) describes the results of 
Iowa DOT’s most recent attempt to calibrate the MEPDG v1.0.  Their findings are of 
particular importance to this thesis because they highlight potential problems that arise 
from using the nationally calibrated MEPDG models to simulate pavements in conditions 
similar to that of the AASHO Road Test.  The second paper, Li et al. (2009) addresses 
the development of Washington State DOT’s newest pavement design catalog.  Their use 
of the MEPDG to check the AASHTO design method is applicable to the ultimate goal of 
this thesis in determining the practical implications to structural pavement thickness.  The 




of unbound layers to structural capacity for the MEPDG and AASHTO design 
procedures.  This paper is included because the influence of material inputs and seasonal 
effects on unbound layers played a large role in pavement performance at the AASHO 
Road Test.  
2.1.1 Kim et al. (2010) 
 Kim et al. (2010) explains the results of Iowa Department of Transportation’s 
(DOT) most recent attempt to calibrate the MEPDG v1.0.  Their findings are of particular 
importance to this thesis because they highlight potential problems that arise from using 
the nationally calibrated MEPDG models to simulate pavements in conditions similar to 
that of the AASHO Road Test.  The objectives of this study were three-fold: 
• To evaluate the information collected in the Iowa DOT’s pavement 
management information system (PMIS) with respect to the MEPDG input 
and output parameters; 
• To verify if the nationally calibrated MEPDG models provide reasonable 
predictions in relation to actual pavement performance; 
• To examine if a correspondence exists between predicted and measured 
performance for Iowa highway conditions. 
 To accomplish these objectives, Iowa DOT’s pavement management information 
system (PMIS) was queried for data on interstate and primary roads, which was then 
compared to the MEPDG information requirements.  Sixteen pavement sections across 
Iowa were identified as having sufficient data and were not part of the national 




37A, meaning the data could be used 
Of the sixteen sections, five were hot
jointed plain concrete pavement (JPCP) rigid pavements, and six were composite 
pavements with average annual daily truck traffic ranging from 208 to 7,525 trucks.  
Figure 2.1 shows a table of the details for each pavement section included in the study.
 However, the Iowa PMIS did not have the detailed material properties or traffic 
characterization and distribution inputs required for MEPDG 
and three of seven MEPDG input parameters for HMA and PCC rehabilitation 
respectively were available in the PMIS database.  Consequently
MEPDG level 3 default inputs 
design, but recommended that the 
identification of the missing parameters for more successful implementation of the 
MEPDG in the future. 
Figure 2.1: Summary of information for
7 
for independent verification of the MEPDG models.  
-mix asphalt (HMA) flexible pavements, five were 
analysis.  Only four of nine 
, Kim 
that corresponded with state standards 
Iowa DOT revise PMIS operations to include 
 selected Iowa Pavement Sections. (Kim et al
 







 Iowa DOT’s PMIS did have most of the MEPDG performance data available for 
each section.  The information was folded into a new database of historical pavement 
performance for each section that was then used for comparison against MEPDG distress 
predictions.  However, the investigation revealed that the PMIS units for HMA alligator 
and thermal cracking as well as JPCP transverse cracking were different that those used 
in the MEPDG.  As such, these distress measures were not included in the model 
verification and it was recommended that proper conversion methods for pavement 
distress measurement units from PMIS to MEPDG be developed for future local 
calibration efforts.   
 MEPDG v1.0 was used to simulate the chosen Iowa pavement sections and 
predictions were compared against actual distress measurements collected in the 
database.  One example was provided for each pavement type due to space limitation in 
the report and only new construction HMA results are discussed here as relevant to this 
thesis.  The results for HMA pavement US218 in Bremer County showed reasonable 
agreement for longitudinal cracking (m/km), IRI (m/km), and rut depth (mm), with IRI 




Figure 2.2: Nationally calibrated MEPDG (a)cracking, (b)rutting, and (c)IRI predictions for Iowa DOT 
structural section US218 in Bremer Cou
 A goodness-of-fit and null hypothesis statistical approach was taken in analyzing 
the bulk data.  For this analysis, longitudinal cracking in HMA pavements was excluded 
because the NCHRP 1-40B study recommended exclusion for local 
due to questionable accuracy in predictions
calibrated model are presented below in 
for the locally calibrated model in parentheses
was analyzed using 27 data points and the nationally calibrated mod
results showed poor fit between the Iowa data and the MEPDG predictions using the 
national calibration.  The HMA  IRI model was analyzed using 52 data points, and was 
found to have a statistically reasonable fit between the Iowa data a
MEPDG models (R
2
=0.54).  However, the null hypothesis
differences exist between the measured and predicted values of distress
9 
nty. (Kim et al., 2010) 
calibration efforts 
.  The statistical results for the nationally 
Figure 2.3, along with the corresponding results 
.  The rutting model for HMA pavements 
el coefficients. The 
—that no significant 
 
nd the national 




0.05) for both HMA rutting (
are “systematic differences [that need] to be eliminated by recalibrating the MEPDG 
performance models to local conditions and materials.”  
Figure 2.3: MEPDG nationally calibrated rutting and IRI model predictions v
performance.  (a) The table details the data and statistical results for both models.  (b) 
bias towards over predicting rutting and 
Concerning HMA pavements, Kim 
requires modification to collect the necessary input and output data relevant to the 
MEPDG and in the same units.  Additionally, it was determined that more frequency and 
reliability was needed when collecting pavement performance data.  They recommend 
that the MEPDG performance models be recalibrated to Iowa conditions to improve 




α< 0.001) and IRI (α< 0.046) models, indicating th
  
erses Iowa historical pavement 
Rutting shows a slight 
(c) IRI shows both good agreement and minimal bias. (Kim 
et al. concluded that Iowa DOT’s PMIS 
at there 
 





2.1.2 Li et al. (2009) 
 Li et al. (2009) developed a revised pavement thickness design catalog for 
Washington State DOT (WSDOT), with emphasis on documenting observations and 
issues between the AASHTO 1993 Guide and the MEPDG.  Their use of the MEPDG to 
check the AASHTO design method is applicable to the ultimate goal of this thesis in 
determining the practical implications to structural pavement thickness.  Both flexible 
and rigid pavements were examined in this study, but low-volume roads were excluded 
where the WSDOT standard of practice is to use bituminous surface treatments.  The 
underlying design procedure in the new catalog remains, as the AASHTO 1993 design 
guide.  Design thicknesses were used as inputs for the MEPDG to check and adjust the 
final pavement design.  The focus was on high volume roads where the AASHTO 1993 
design is thought to produce excessively thick pavement sections.  
The methodology used in this study was as follows:  pavements were designed 
according to the AASHTO 1993 guide; design thicknesses were used as input parameters 
to the MEPDG v1.0, locally calibrated for WSDOT; and MEPDG predictions were 
compared against historical performance data as a check on the original design.  WSDOT 
policies for pavement design determined design inputs for both procedures and the study 
was conducted based on ESALs (design life).  The study found that MEPDG still had 
some modeling issues and could not simulate all the distresses common in Washington 
State.  For example, studded tires are permitted on vehicles from November to April, 
which results in increased surface wear and higher IRIs; MEPDG does not capture this 
effect in the models.  More importantly, the results show that the AASHTO 1993 Guide 




shows the design thickness for AASHTO and the redesigned thicknesses based upon 
MEPDG results.  





Flexible Pavement Design Thicknesses (in.) 
HMA BASE 
≤5 85% 7.5 (6.0) 6 (6) 
5-10 95% 9.8 (7.8) 6 (6) 
10-25 95% 11.3 (9.0) 6 (6) 
25-50 95% 12.3 (11.2) 7 (7) 
50-100 95% 13.4 (12.2) 8 (8) 
100-200 95% 14.5 (13.3) 9 (9) 
Historical performance also supports the observation that AASHTO 1993 
overdesigns pavement thicknesses.  Interstate HMA pavements constructed in the 1960’s 
ranged in thickness from 9.5-18.6 inches and, other than regular maintenance of the 
wearing course, have required no rehabilitation.  Furthermore, the base layer thicknesses 
were predetermined according to WSDOT standards and experience, and the MEPDG 
predictions confirmed the unbound layers to be adequate for the given design life, 
demonstrating the credibility of WSDOT’s historical pavement performance.  
It was concluded that the MEPDG still has modeling issues and was not ready to 
be implemented as an independent pavement design tool.  However, it was capable of 
estimating reasonable values for major types of pavement distress when calibrated for 
local climate and material characteristics.  The resulting pavement design catalog (Figure 
2.4) has been officially adopted by WSDOT and is incorporated into the latest update of 




Figure 2.4: WSDOT pavement design catalog.  Pavement thicknesses designed using AASHTO 1993 and then 
2.1.3 Schwartz (2009) 
The final paper by Schwartz
contribution of unbound layers to structural capacity for the MEPDG and AASHTO 
design procedures.  This paper is included because the influence of material inputs and 
seasonal effects on unbound layers played a large role in pavement performance at the 
AASHO Road Test.  The purpose of this paper was
unbound material characteristics, specifically layer thickness and stiffness
service life as predicted by the AASHTO and MEPDGE procedures.  The objective was 
twofold: 
• First, to determine the sensitivity of service life to subgrade modulus, base 
modulus, and base 
pavement design procedures; 
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corrected using the MEPDG. (Li et al., 2009) 
 (2009) is a sensitivity study examining the assigned 
 to quantify the contribution of 
thickness for both the MEPDG and AASHTO 1993 
 
 




• Second, to verify the accuracy of both design procedures by comparing 
predictions to historical pavement performance data.  
The sensitivity study was based loosely on the conditions of the AASHO Road 
Test, asphalt concrete (AC) over a crushed stone base over A-6 compacted subgrade.  
The variables analyzed are detailed in Table 2.2 and considered cases of 3, 6, and 9 
inches of HMA.  Design inputs for AASHTO and MEPDG were taken as defaults where 
AASHO properties were unavailable.  Only one variable (in addition to HMA thickness) 
was allowed to change at a time.  For example, when granular base thickness was 
allowed to change the base modulus and subgrade resilient were held constant at the 
values indicated in the fourth column of Table 2.2. 
Table 2.2: Model variable input ranges and constants. 
Case Layer Property Range Constant 
1 Granular Base Thickness 3 – 24 in. 12 in. 
2 Granular Base Modulus 20,000-45,000 psi 30,600 psi 
3 Subgrade Resilient Modulus 2,000 – 12,500 psi 5,000 psi 
Results for case 1 where granular base thickness was varied showed good 
agreement between the design procedures for 3 and 6 inch AC thicknesses over moderate 
base thicknesses.  However, AASHTO predicts substantially longer service life (larger 
structural contribution from unbound layers) when the base thickness is more than 12 
inches (Figure 2.5a).  Similar results were observed for case 2 where the base modulus 
was varied; good agreement existed between the design procedures for 3 and 6 inch AC 
layers, but for the 9 inch AC layer AASHTO showed a higher sensitivity to changing 
base modulus (Figure 2.5b).  Finally, for case 3 where variations were made in subgrade 
modulus, good agreement was observed for both service life and sensitivity between the 




Figure 2.5: Predicted service life versus (a) base thickness, (b) base modulus, and (c) subgrade
The overall conclusions drawn from this analysis were as follows:
• Service life predictions for AASHTO and MEPDG agree well for traffic loads 
less than 5 million ESALs;
• At traffic levels greater the 5 million ESALs, AASHTO and MEP
significantly different weight to the structural contribution of the unbound 
materials;  
• For higher quality materials, AASHTO assigns greater structural benefit to 
unbound materials
to the MEPDG.
To address the second objective of this study and verify the accuracy of both 
design procedures, Schwartz 





, resulting in a higher service life prediction in comparison 
 
modeled the conditions of Loop 4, Lane 1 at the AASHO 







thicknesses.  An effective layer modulus value was used to combine the different 
stiffnesses between the base and subbase layers.  
configuration for that particular loop eliminated the need to convert between trucks and 
ESALs making service life a direct comparison between MEPDG and AASHTO
As indicated in the sensitivity study, initial results for the second phase showed 
that the MEPDG predicted service life, defined as RD=0.5 inches at 50% reliability, was 
insensitive to varying effective granular layer stiffness while the AASHTO predicted 
service life, defined as ESALs to a PSI=2.5, was quite sensitive.  Moreover, the 
AASHTO sensitivity to changing effective granular layer stiffness agreed well with the 
values for the AASHO Road Test (
Figure 2.6: Sensitivity of service life to equivalent layer stiffness for the AASHO Road Test.  (Schwartz, 
Because the AASHTO Design Procedure was derived from the Road Test there is 
an implied bias in this comparative study.  Therefore, the study was repeated using 
control sections from a full
Illinois.  Three sections were used and once again predicted service life from the MEPDG 
and AASHTO design procedures was evaluated.  However, it was found that both 
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Additionally, the 
Figure 2.6).   
-scale APT experiment conducted by the University of 
fixed traffic 






procedures predicted service lives several magnitudes higher than the recorded number of 
axles to a 1 inch rut depth.  Consequently, service life was normalized by the number of 
axle loads to failure for the structural section with an intermediate base thickness (
2.7).  The agreement in sensitivity for AA
not as good as it was for the Road Test study.  However, both show sensitivity to 
changing base thickness while the MEPDG shows minimal increase in service life 
increasing base thickness.
Figure 2.7: Service life versus base thickness for the Illinois APT control sections. (Schwartz, 2009)
This study is very limited and the results must be viewed within the context of 
material inputs and traffic configurations.
distress at the Road Test and conditions where fatigue distresses are the controlling 
failure mechanism may produce different results.
from this study are that the predicted service life for the AASHTO and MEPDG 
procedures agree well at low traffic levels, as is expected based on the conditions for 
which the AASHTO procedure was derived form.  At high traffic levels where the 
AASHTO design methodo
MEPDG.  Reality likely falls between the two methods.
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  Additionally, rutting was the controlling 
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2.2   Present Serviceability and International Roughness Index Relationships 
The AASHO Road Test resulted in the first correlation between pavement 
serviceability and observed distresses (Equation 2.1) in which observed slope variance 
(SV), rut depth (RD), cracking (CF), and patching (PF) were empirically correlated to 
present serviceability index (PSI). 
 = 5.03 − 1.91 log1 +  −  1.38 −  0.01 +  (2.1) 
Additional relations that have been developed from experience relate terminal 
serviceability to an individual measure of distress.  The conventional wisdom is that a 
terminal serviceability (pt) equal to 2.5 corresponds to 20% fatigue cracking in the wheel 
path area or 0.5” of surface rutting.   
The advantage of using PSI is that it is a single descriptive number for road 
roughness and ride quality.  International Roughness Index (IRI), developed in the 1980’s 
by World Bank as an alternative to PSI, describes pavement roughness in terms of a 
vehicle’s vertical motion, in millimeters or inches, divided by the longitudinal distance 
covered.  IRI was developed to provide a consistent way to measure pavement condition 
in any geographic location.  PSI is subjective and can have dramatic discrepancies 
depending on the user’s definition of an acceptable pavement roughness, whereas IRI is a 
measurable pavement property, which can be repeated with accuracy by any user.   
This section reviews papers on the development of empirical correlations between 
measured IRI values and PSI.  They are important to this thesis as a means to correlate 




2.2.1 Paterson (1987) 
An international study was undertaken 
options, maintenance strategies, and standards as well as the economic consequences 
therein of pavement performance.  Part of Paterson’s paper addresses a major concern 
that still exists today—how to relate PSI to the newly developed IRI.  Paterson included 
four distinctly different geographic locations in his study
and Pennsylvania.   
PSI ratings were found to vary widely acro
expectations of the user.  Texan, Pennsylvania, and South African ratings represen
users who had a high standard for paved roads
one full point for a given roughness
performance measure.  The Brazilian raters, 
much higher PSI rating for distressed pavements than did the other groups
Figure 2.8: PSI vs. IRI relationships for each nation, The solid black line indicates the final recommended 
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ss nations depending on th
, but the mean PSI still varied 
, implying that PSI was too subjective of a 
accustomed to rougher pavements, attached a 
 
model. (Paterson, 1987) 
e 
ted 
as much as 




Paterson used the individual data sources to develop a best-fit continuous model 
that was constrained such that when IRI (m/km) was zero, PSI would equal 5.0 (Equation 
2.2).  It was noted that use of the relationship presented below showed poor results for 
PSI values less than 1.5 and an alternative, linear equation was recommended for that 
range (Equation 2.3). 
 = 5.5 ln  .  or  = 5.0!".#$ %            if PSI≥1.5 (2.2) 
 = 12 − 3.6                                               if PSI<1.5 (2.3) 
2.2.2 Gulen et al. (1994) 
A study by Gulen et al. (1994), directed by the Indiana Department of 
Transportation (INDOT), involved ten randomly chosen raters evaluating twenty 
randomly selected pavement sections in Indiana.  The purpose was to examine the 
relationship between PSI and IRI.  The specific objectives were to develop a statistically 
significant model using a minimum number of raters and to define a serviceability 
threshold for unacceptable pavement distress. 
Nine of the twenty pavement sections were AC and only the results pertaining to 
those sections will be discussed in this literature review.  Similar to the AASHO Road 
Test procedures, evaluators were instructed on the road rating process and given forms to 
rate their ride quality.  Participants were asked to rate the pavement quality as both the 
driver and the front seat passenger.  Furthermore, tests were conducted on different days 
so that previous rides would not influence the raters.  The resulting PSI ratings were 
found to have a normal distribution, and because the standard deviation was small, 




profilometer.  Three readings were taken to verify the data collected and then the 
numbers were averaged for each pavement section.  
Regressions were performed on the data 
between PSI and IRI.  Twelve individual relationships were developed for bituminous, 
concrete, and composite pavements.  Four of these characterized the relationship between
PSI and IRI for AC pavements, the most succes
2.4). 
 As discussed, the second pa
which pavements were no longer acceptable.  Based on the results in 
passengers in the car were more tolerant of pavement roughness than drivers.  
Additionally, riders, regardless of position in the car, were more critical of 
concrete roads than on asphalt.  
Figure 2.9: Probability of pavement performance acceptability versus IRI divided by position in the car and 
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The conclusions of the study are as follows: 
• Ten or fewer raters are sufficient to obtain PSI rating data. 
• The location of the rater in the car is insignificant in practical application. 
• All prediction equations are statistically sound for INDOT use. 
• A terminal serviceability of 2.53 m/km is based on acceptance by 50% of road 
users, but a mean value of 2.3 m/km or 145in/mi is recommended for INDOT 
pavement management purposes. 
2.2.3 Al-Omari and Darter (1994) 
 The primary objective of a study by Al-Omari and Darter (1994) was to develop a 
model for PSI in terms of IRI for flexible, rigid, and composite pavements.  Additionally, 
they attempted to determine the relationships for key distresses to IRI and the thresholds 
for rehabilitation. 
 Al-Omari and Darter selected pavement data from five states in the National 
Cooperative Highway Research Program (NCHRP) Project 1-23 database as well as 
some sections from Indiana.  The six states were Indiana, Louisiana, Michigan, New 
Jersey, New Mexico, and Ohio.  Table 2.3 shows the number and type of pavement data 
contributed from each state.   
Table 2.3: Number of pavement sections of each type contributed to the study from each state.  
State  AC COMP PCC  Total 
Indiana  42 - 24  66 
Louisiana  13 13 22  48 
Michigan  19 21 27  67 
New Mexico  39 13 10  62 
New Jersey  15 10 21  46 
Ohio  34 32 23  89 




In this study there were a total of 162 HMA pavements, 71% of which were 
sections coming from Indiana, New Mexico, and Ohio.  IRI was computed using the 
measured profile data.  After compiling a database, several linear and non
regression models were evaluated
form PSR = 5*e
(α*IRI)
.  Analysis of the data revealed that there was very little difference 
between predictions for the states with the exception of New Jersey.
the models for each state where all pavement types are combin
the models for each pavement type where all the state data is combined
Figure 2.10: a) Model forms for all pavement types within each state.  b) Model forms for all states within each 
There is very little difference between the best
presented above.  This indicates that for practical purposes, the relationship between PSR 
and IRI can be described by one model for all pavement types (
The final model form has an R
statistically biased to go through the point PSR=5, IRI=0.  
23 
.  The most successful empirical correl
  Figure 2.
ed and Figure 2.
.  
pavement category. (Al-Omari and Darter, 1994) 
-fit curves for any of the cases 
Equation 2.5
 = 5!".)# %  (in/mi) 
2
=0.73, but it is important to note that the model is 
Figure 2.11 shows the 
-linear 









recommended model plotted against all the data points for pavement type across all 
states. 
 
Figure 2.11: Final recommended model from Al-Omari and Darter plotted with the data points for all pavement 
types across six states. (Al-Omari and Darter, 1994) 
2.3 Significant Research Points 
The purpose of this thesis is ultimately to investigate the differences between the 
AASHTO 1993 procedure and the MEPDG.  Research presented here is chosen for the 
direct implications to the results of this study.  The existing and ongoing comparative 
studies between the AASHTO Design Guide and the MEPDG have different goals and 
methods, but collectively make several interesting points. 
Kim et al. (2010) found that local calibration of the MEPDG significantly 
improved  distress predictions.  This result has been reported in several studies, but the 
proximity of Iowa to the AASHO Road Test (Ottawa, IL.) makes their findings 
particularly significant to this research.  The nationally calibrated distress models for the 
MEPDG is used in this study, implying that some variability should be expected between 




The findings by Li et al. (2009) reiterated the point that local calibrated distress 
models predict pavement performance with increased accuracy.  Additionally they found 
that MEPDG predicts thinner asphalt sections by 1-2 inches.  These results are consistent 
with several other studies and address the practical implications of this research.  They 
suggest that MEPDG distress predictions will be less than the corresponding AASHTO 
1993 predictions. 
Schwartz (2009) is applicable to this study in several ways.  Both the sensitivity 
study and the distress verification were loosely based on the AASHO Road Test 
conditions, therefore the limitations of the study (specific material types, environmental 
conditions, controlling distresses, etc) are not a major concern in applying the findings to 
this thesis.  The study found that AASHTO 1993 was sensitive to changes in unbound 
material properties which resulted in different service life prediction compared to the 
MEPDG.  Consequently, this sensitivity is something to consider when interpreting the 
results of this thesis.  Additionally, Schwartz found that service life predictions for 
AASHTO and MEPDG agree well for traffic levels below 5 million ESALs.  This is 
contradictory to most other research unless considering that the other studies presented 
here were based on in-service roads and therefore subjected to traffic loadings well 
beyond the empirical range of the Road Test and AASHTO 1993 procedure.  This is 
important to this study because it implies that there is the potential for the AASHTO and 
MEPDG distress prediction to not vary as much as suggested by studies based on high 
traffic loads. 
The second group of studies consulted explored existing relationships between 




suggested by Paterson (1987), Gulen et al. (1994), and Al-Omari and Darter (1994) are 
presented because they are both commonly used and fully encompassing measures of 
distress—that is, one can compare a measure of individual distresses (IRI) to ride quality 
(PSI).  Al-Omari and Darter did not have the most statistically significant model, but it is 
the most applicable to this research because it is based on conditions throughout the 





Chapter 3: Development of Pavement Design Methods 
The usual criticisms of the AASHTO 1993 design (performance based on one 
location, one environment, one set of materials, limited test duration, outdated 
construction practices and traffic loads) are instead benefits in this study.  The high 
degree of control over the materials, climate, design details, and traffic removes several 
variables, ultimately aiding in the initial effort to understand the major practical 
differences in the AASHTO procedure and the MEPDG.  
The purpose of this chapter is to familiarize the reader with the necessary 
components of the AASHO Road Test, AASHTO Design Procedure, and the MEPDG 
that are applicable to this thesis.  For the AASHO Road Test, variables, conditions, 
results, and challenges specific to this study are summarized.  For the AASHTO 1993 and 
the MEPDG methods, the design procedures are briefly discussed as well as the inputs 
specific to this thesis.  Additionally, components of the input data that required in-depth 
analysis for this application are also explained. 
3.1  AASHO Road Test 
The AASHO Road Test was conceived and sponsored by the American 
Association of State Highway Officials and conducted under the guidance of the 
Highway Research Board (HRB) of the National Academy of Sciences-National 
Research Council from 1958 to 1961.  Only two full scale attempts to characterize 
pavement performance had previously been undertaken.  The first project, Road Test 
One-MD, was conducted on an in service portland cement concrete pavement in 




project, the Western Association of State Highway Officials (WASHO) Road Test, 
involved building two test loops of flexible pavement in Idaho; the results were published 
in HRB Special Report 18 (1954) and HRB Special Report 22 (1955).  However, the 
AASHO Road Test was a considerably larger and more comprehensive attempt to resolve 
the progression and rate of pavement deterioration under moving loads of known 
magnitude and frequency.  (AASHO, 1961) 
The critical components of the Road Test were published in seven Special Reports 
(SR 61A-SR 61G) detailing the history and description of the project, materials and 
construction of the test facility, operation of the traffic, bridge research, pavement 
research, special studies, and a final summary report.  Bridge research (SR 61D) and 
Special Studies (SR 61F) are not directly related to this thesis, but the remaining reports 
contain all the necessary information to model the Road Test using the AASHTO 1993 
design procedure and the MEPDG software.  (AASHO, 1961) 
3.1.1 Design of the Experiment 
The test site was in Ottawa Illinois, 80 miles south-west of Chicago and at the 
current site of Interstate 80 (Figure 3.1).  This site was chosen because the borrow 
material available was thought to be ‘uniform’ and representative of that found 
throughout most of the country, because the climate was typical of that for most of the 
northern states in the nation, and because the earthwork could ultimately be used in the 




The test facility consisted of six two
embankment of A-6 borrow material locally sourced (
tangents, which were broken into structural sections roughly 100 feet long with 15 foot 
transitions between each section
structural sections (Figure 3.
influence of environmental factors on pavement distress initiation.  Loops 2 through 6 
constituted the main experiment
and Designs 4-6).  Only the main factorial design (Design 1) was used in this study.  
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Figure 3.1: AASHO Road Test site location.  
-lane test loops built upon a 36 inch 
Figure 3.2).  Each loop had two test 
, creating a total of 468 flexible and 312 rigid pavement 
3).  Loop 1 was constructed solely for observing the 
 (Design 1) as well as several special studies (Design 2 
 





Figure 3.2: AASHO Road Test facility showing Loops 1-6, the proposed location of Interstate 80 (dashed line) 
and the proximity of Ottawa and existing roads. (AASHO, 1961) 
 
Figure 3.3: AASHO Road Test typical details (i.e. test tangent, lane 1 and 2, structural pavement section). 
(AASHO, 1961) 
 
 Factorial Design 1 in Loops 3 through 6 was 3x3x3; that is three levels of surface, 
base, and subbase thicknesses creating a total of 27 unique structural sections, 54 test 
sections per loop (inner plus outer lanes), with 3 duplicated structural sections (the 
factorial design for Loop 2 was 3x3x2).  In the trafficked loops the surface, base, and 
subbase thicknesses were varied by 1 inch, 3 inches, and 4 inches respectively.  Each test 
section was assigned a three-digit identification code; inner lanes assigned with odd 
numbers and outer lanes with even numbers, and then randomized within the loop.  The 





Figure 3.4: Typical flexible pavement cross-section showing the construction details of the embankment, 
subbase, base, and surface. (AASHO ,1961) 
The embankment, referred to here as the subgrade, was constructed between 
September and November of 1956 using AASHTO designated A-6 borrow material 
(clayey soil) to ensure a uniform foundation and construction surface.  During 1957 the 
remainder of the pavement structure was constructed; material properties are detailed in 
Figure 3.5.  The subbase material used was a gravely-sand constructed with a uniform 
thickness across the pavement and shoulder cross-section.  The base material was a 
crushed dolomitic limestone.  The asphalt cement used as a surface for the flexible 
tangents was composed of crushed limestone and sand coarse aggregates and penetration 
grade 85-100 asphalt binder that met material standards as detailed in Figure 3.6.  All 
construction and material testing was strictly overseen by the Illinois Division of 





Figure 3.5: Summary of material characteristics for the unbound layers. (AASHO, 1961) 
 
Figure 3.6: Summary of asphalt concrete material characteristics. (AASHO, 1961) 
The load for each loop is an accumulation of axle applications.  Typical 1950’s 




pavements over a period of two years, reaching a maximum traffic loading of 1,114,000 
axle applications per lane or 2 million 18-kip equivalent single axle loads (ESALs) 
(Figure 3.7).  With the exception of Loop 2, inner lanes were trafficked by single axle 
trucks and the outer lanes were trafficked by tandem axle trucks; Loop 2 only had single 
axle trucks.  This traffic combination meant that each structural section was subjected to 
two different load magnitudes and axle configurations.   
 
Figure 3.7: AASHO test vehicles, loading, and axle configurations. (AASHO, 1961) 
The AASHO Road Test provides good variation in structural numbers and slab 
thicknesses and, although not representative of today’s traffic, a good range of axle loads.  
The experimental details discussed in this section are summarized in Figure 3.8 
(AASHO, 1961).  This thesis is focused only on flexible pavements; the exclusion of 






Figure 3.8: AASHO Road Test Table 9 - Flexible Pavement Experiment.  Factorial “Design 1” is the focus of this 






3.1.2 AASHO Road Test Pavement Research and Results 
 As previously mentioned, the primary objective of the AASHO Road Test was to 
determine the relationship between pavement performance and loading rates.  To define 
performance the concept of Present Serviceability Index (PSI) was created based upon 
the notion that a road’s primary purpose is to service the traveling public.  Serviceability 
was known to be influenced by longitudinal and transverse roughness, but was highly 
subjective.  To determine a good estimate of the general user’s assessment of road 
conditions, a Pavement Serviceability Rating (PSR) panel was used for the Road Test.  
The panel was composed of highway designers, maintenance engineers, administrators, 
and persons representing the interests of contractors, truckers, and automobile 
manufacturers.  Each panel member made independent ratings for each pavement test 
section using the form in Figure 3.9.   
 
Figure 3.9: AASHO Road Test Present Serviceability Rating Form. (AASHO, 1961) 
Ratings were taken every 2 weeks, averaged for each section, recorded with 
respect to the number of axle applications, and assigned to the final day in that 2-week 
period known as the Index Day.  Index Days number 1 to 55 staring on November 5, 




measurement crews measured variations in longitudinal and transverse profiles as well as 
the degree of cracking and patching in each test section using a longitudinal profilometer 
and a transverse profilometer.  Figure 3.10 shows the typical distresses observed at the 
Road Test.   
 
Figure 3.10: Typical flexible pavement fatigue and deformation distresses.  Excessive rutting was the primary 




The Highway Research Board Special Report 61E details the pavement research 
program (AASHO, 1961).  Published therein are the basic serviceability histories for each 
test section.  Figure 3.11 is an example of the typical published data for each test section.  
The recorded PSR data from Index Days 11, 22, 33, 44, and 55 (22-week intervals) is 
available and shown in the right hand columns.  The full distress histories were smoothed 
using a moving average technique.  Presented on the left most columns are the logarithms 
of the number of axle applications at which the smoothed serviceability history curve 
crosses PSR levels 3.5, 3.0, 2.5, 2.0, and 1.5.    These tables serve as the primary source 
for historical pavement performance data used in this thesis. These data are contained in 
full in the Flexible Pavement Database discussed in Appendix A. 
Irregularities are occasionally observed in the test section distress histories, as is 
evident in the last two records for structural section 140 in Figure 3.11 where PSR 
increases from 3.1 to 3.3 with additionally axle applications.  This phenomenon has been 
noted frequently in pavement performance projects.  For example, irregularities in 
observed distresses have also reported in recent studies done by the Wisconsin, 
Washington, and Iowa Departments of Transportation (Kim et al., 2010).  Two possible 
explanations have been identified: first, minor maintenance may have been applied that 
was too insignificant to be considered restoration or reconstruction; second, the 
irregularities may be due to human factors.  Given the high degree of control present at 






Figure 3.11: Factorial Experiment – Design 1 Flexible Pavement, Unweighted Applications. (AASHO, 1961) 
Excessive rutting was the primary form of distress observed at the Road Test for 
flexible pavements.  A limited amount of measured rutting data was published in Special 
Report 61E (AASHO, 1961).  Rutting for 21 structural sections (42 test sections) is 
provided in the context of transverse elevation changes at 0, 3, 6, 9, and 12 ft increments 
from the centerline (CL) starting from July 1959 until March 1960/Oct 1960.  




average elevation between the CL and 6 foot readings a
and for the outer wheel
readings respectively (Figure 3.
the 22 test sections over the course of two years 
Figure 3.12: Conversion of AASHO Road Test transverse profile measurements to rut depth quantities.
 
3.1.3 Research Considerations When Using 
A preliminary step to this study required gaining an understanding of not only the 
conditions and available data from the AASHO Road Test, but also an awareness of the 
range of pavement structural capacity and performance over the 284 f
sections encompassed in the main factorial design.  Furthermore, it is necessary to 
consider the most efficient way to consolidate and represent the data such that it was 
usable in evaluating the predictions from the MEPDG and AASHTO desig
This section covers aspects of the Road Test that are particularly applicable to this 
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nd subtracting the 3 ft reading
 path by using the same procedure for the 6, 12, and 9 foot 
12).  Both raw data inputs and calculated rut depths for 
are documented in Chapter 5
the AASHO Road Test 
lexible pavement 
, 
.     
 
 




specific study.  Because the materials used at the Road Test were consistent across all the 
pavement sections, only layer thickness was variable; Structural number (SN) is used as a 
proxy for structural capacity.  Traffic is also considered as equivalent single axle loads 
(ESALs) to accommodate the different types of truck axles and loads at the Road Test.  
The use of SN and ESALs normalizes the structural capacity and loads for each pavement 
section so that data can be compared across loops without bias.   
Part of this preliminary study involved evaluating the statistical distribution of 
failure within the five trafficked loops both in the context of service life (ESALs) and 
pavement performance (PSI).  Note that test sections included in this initial analysis were 
required to reach failure by the end of two years so that the exact number of ESALs to 
failure could be computed; failure was defined as a pt=2.5.   
Structural Numbers (SN) approximately follow a normal distribution over a range 
of 0.44 to 5.66 for the Road Test (Figure 3.13).  However, performance is based upon 
both structural capacity and load.  The frequency distribution of service life defined in 
terms of ESALs to failure reveals that a significant number of sections failed below 
200,000 ESALs (Figure 3.14).  However, there are no clear trends to explain this 
observation; early failures are most likely the result of inadequate structural support for 




Figure 3.13: Distribution of structural numbers for AASHO test sections that failed (p
Figure 3.14: Service life distribution for AA
To explore the relationship between structural capacity and applied load at the 
AASHO Road Test a statistical distribution approach was employed.  
the distribution of SNs within each loop.  It is observed that the range of SNs within each 
loop is approximately 1.7 and, more importantly, the range is consistent.  It is known t
the applied load increase
significantly but the mean increases slightly for each loop, it can be inferred that there are 
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t=2.5) within 2 years.
SHO test sections that failed (pt=2.5) within 2 years divided by lane.
Figure 3.









both under loaded and overloaded test sections in each loop.  Furthermore, considered 
with the SN distribution in 
sections with a SN between 2.5 and 4.5
configurations.  This implies that there
loops.   
Figure 3.
However, during the course of analysis
rest of the trafficked loops were noticed prompti
initially observed to have minimal serviceability deterioration, but this could be 
considered to represent the lower extreme of the traffic to distress relationship.  
3.16 decisively shows that Loop 2 is inconsistent with the rest of the experiment; the load 
to structural capacity ratio is significantly less than that of the other loops.
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Figure 3.13, Loops 3-5 encompass the majority of pavement 
 and represent the median for loading 
 no bias in structural load or capacity across the 
 
15: Statistical distribution of structural numbers by loop. 
, abnormalities between Loop 2 and the 






Figure 3.16: Statistical distribution of load to structural capacity ratio for Loops 2
It was observed early in the AASHO Road Test that pavement sections 
inadequately designed for the applied load deteriorated at a rate that was directly related 
to seasonal changes.  Figure 3.
seasonal, but rather the pavement deteriorated at a linear rate.  If Loop 2 had a similar 
load to structural capacity ratio as the other loops, the seasonally influence woul
manifest as large drops in the mean 50% distribution between February to August 1959 
and January to June 1960.  
was particularly pronounced in 
capacity ratios were much higher
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17 shows that the distress accumulation for Loop 2 was not 
Figure 3.18 demonstrates the season-distress rate 









Further examination of th
Section IDs (SID) in Figure 3.
• SID 333 shows a nearly linear decrease in PSI over time 
• SID 256 shows a mild decrease in PSI with a large rate of change
second year
a seasonal 
• SID 155 shows a distress hist
February 1959/1960 and minimal change during the winter months 
suggesting a significant seasonal influence.
Figure 3.19 presents the data on the same 
that while the range of distress accumulation does not vary much over
experiment, the inter-quartile range (IQR) shows a distinct seasonal influence on the data.  
PSI decreases significantly in the spring months and stabilizes in the winter months each 
year.  While there are anomalies in the data, the majority of
sections follow this seasonal distress trend.
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: Statistical distribution of distress accumulation for Loop 2.
e raw AASHO distress histories for selected typical 
19 shows three distinct trends typical of the Road Test:
 
, which may be attributed to either an increase in traffic and/or 
influence 
ory with large drops in PSI just after 
 
x-axis scale as Figure 3.




 in the 
18.  It is clear 











: Statistical distribution of the change in PSI for Loops 3-6.








3.2  AASHTO Guide for Pavement Design (1993)  
The results of the AASHO Road Test were used to develop the AASHTO Design 
Procedure and, though it has gone through multiple editions since its original publication 
in 1961, modifications have improved but not significantly altered the original methods.  
Because the AASHTO procedure is an empirical regression between the structural 
capacity, traffic, and performance observed at the AASHO Road Test, it inherits all the 
limitations as well; the most glaring of which is that engineers use the AASHTO design 
procedure for ESALs that are far beyond of those from which it was created.  Regardless, 
the AASHTO procedure has been used in excess of 50 years proving that it is a robust 
model capable of predicting reasonable pavement structures.  However, it is thought to 
produce excessively thick pavements at the upper traffic range where there is no data to 
support the model and, in a time when resources are growing more scarce and come at 
higher prices, it is necessary to optimize the structural design of pavements. 
3.2.1 Design Procedure 
Two performance measures can be considered in relation to the AASHTO 1993 
Design Guide—service life (defined in terms of accumulated traffic) and distress (defined 
in terms of PSI).  The first case utilizes the standard design equation shown below that 
predicts ESALs to failure.  The structural design number (SN) and terminal serviceability 
decrease (∆PSI) as recorded from the Road Test are input and accumulated traffic (W18) 






logW#$ = z,s. + 9.36 logSN + 1 −  0.20 + 1 23.4∆567)."#.890.4 +  #:)6;<#=.>?@A +  2.32 logM, − 8.07 (3.1) 
W18 = predicted number of 18kip ESALs 
ZR  = standard normal deviate 
So  = standard error 
SN  =  structural number 
∆PSI = difference between the initial (po) and terminal (pt) serviceability 
MR  = subgrade resilient modulus (psi) 
Variable Selected Design Values 
W18 AASHO measured or predicted 
ZR 0.00 
So 0.40 
SN = D1a1 + D2a2m2 + D3a3m3 
a1=0.44, a2=0.14, a3=0.11 
m2=m3=1.0 
∆PSI =po – pt 
po=4.2 
pt as measured or defined 
MR 3,000 psi 
The second case considers the predicted terminal serviceability (pt) under a 
specified traffic load.  This can be achieved by inverting the standard AASHTO 1993 
design equation.  The recorded AASHO Road Test ESALs are input and the 
corresponding serviceability is output.  This predicted serviceability is compared to the 
actual value measured at the Road Test.  This corresponds to comparing predicted vs. 
measured distress.   
pE = 4.2 + 2.7 ∗ 103.4G>H< .I":.IJ 3.4K<#" LMNO∗.)< #:)K<#=.>? (3.2) 
3.2.2 Application of the AASHTO 1993 Design Procedure 
Traffic, Structural Number, initial serviceability, and terminal serviceability are 
defined by the records of the AASHO Road Test and are cataloged by Section 
Identification (SID) number in the Flexible Pavement Database.  For Case 1 discussed in 




number come directly for the Road Test records.  Subgrade resilient modulus is not 
directly measured for the Road Test, but can be established based upon material 
classification, physical properties, and CBR test results.
The A-6 borrow material used to construct the embankment and subbase layer did 
not drain freely and was highly susceptible to frost heave as was observed in the 
published rutting data.  The California Bearing Ratio (CBR)
Report 61B were very low for this clay
for the subgrade resilient modulus (M
MR=5000 psi was used initially.  However, this was observe
between the reported AASHO traffic and the predicted AASHTO 1993 design life as 
large as 15 million ESALs, especially at higher structural numbers.  As previously noted, 
it was expected that the AASHTO 1993 predictions should agr
the AASHO Road Test.  This was indeed the case after M
subgrade stiffness produced close agreement between the actual traffic from the road test 
and the predicted ESALs from the AASHTO 1993 design 
Figure 3.20: Influence of subgrade resilient modulus on predicted service life.
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 values reported in Special 
 (AASHO, 1961).  Lacking any specific test data 
R), an average CBR value of 5 corresponding to 
d to produce discrepancies 
ee well with the results of 
R was reduced to 3000 psi; this 
procedure (Figure 3.
 





Moreover, if the subgrade resilient modulus is assigned a value of 3000 psi, the 
last two terms of the AASHTO design equation (Equation 3.1) resolve to zero and yield 
the original 1961 design equation.  
For Case 2 both the inputs and outputs require some additional work to prepare.  
In this case, where pavement distress is the performance measure, inputs include the 
AASHO traffic and SN.  Because traffic at the Road Test was recorded as axle 
applications it must be converted to ESALs for use in the AASHTO 1993 design equation 
either by use of Truck Factors or Equivalent Axle Load Factors (EALF).  Based on 
application to the database, EALFs were the chosen method to avoid the need to looking 
up individual truck factors for every load combination (Equation 3.3 
PQRS = log 2 TUVTU#$8 = 4.79 log18 + 1 − 4.79 logRV + R + 4.33 log R + WUXV − WUX#$ (3.3) 
).  (Huang, 1993) 
PQRS = log 2 TUVTU#$8 = 4.79 log18 + 1 − 4.79 logRV + R + 4.33 log R + WUXV − WUX#$ (3.3) 
Where: 
 Wtx = number of axles application at time t 
 Wt18 = number of 18-kip single-axle applications at time t 
 Lx = load (kips) on one single, tandem, or tridem axle 
 L2 = axle code (1 for single, 2 for tandem, etc) 
 SN = structural number 
 pt = terminal serviceability 
 Gt = log 9 )."YZ)."#.@ 
βx = 0.40 + [ \.$]^<]_`._`aK<#=.>?\]_`._`ab 
β18 = βx; Lx=18, L2=1 
  
All variables are known except for the Wt18 (ESALs).  The equation can be 
rearranged to yield the desired value.  Once AASHO traffic has been converted into 




important to note that when the AASHTO 1993 design procedure is used in the inverted 
form (Case 2), it is not capable of handling pavement sections with low structural 
numbers.  For any given traffic level, the le
SN is decreased.  Therefore, there is a theoretical limiting SN for each traffic 
configuration, as indicated in 
Figure 3.21: Limiting PSI for a given structural number and traffic configuration.
3.3  Mechanistic-Empirical Pavement Design Guide
First released in 2002 and currently on version 1.1 (released 2009), 
created in recognition of
calibrated pavement performance models are based on historical data from the Long
Term Pavement Performance (LTPP) program.  The most notable changes from the 
AASHTO 1993 Design Procedure include:
• Incorporation of environmental parameters;
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ft side of Equation 3.2 goes to infinity as the 
Figure 3.21.   
 











• Structural credit for superior construction materials and methods via their 
resilient modulus values as opposed to generic structural coefficients 
(a1=0.44, a2=0.14, a3=0.11); 
• Use of load spectra and volume distribution as opposed to ESALs; 
• Use of mechanistic analyses to determine critical stress, strain, and 
deflections induced in a pavement by a given load magnitude and 
configuration; 
• Prediction of individual distresses instead of a composite serviceability 
parameter. 
The empirical part of the MEPDG relates calculated stress and strains to observed 
distresses accumulated over the design life.  MEPDG is not a direct design method, rather 
it provides a prediction of pavement performance.  The user must iterate to an 
economical structure that provides adequate performance. 
3.3.1 Design Procedure 
MEPDG v1.1 (national calibration) is used in this study.  The AASHO Road Test 
sections are modeled as accurately as possible from information available in the research 
reports.  Where data is unavailable the MEPDG Level 3 defaults are used instead. 
Each project name uses the following format: 
L5 . D5-6-8 . No469 . SN3.dpg 
Where ‘L’ designates loop, ‘D’ is the layer thickness of AC-Base-Subbase respectively, 
‘No’ is the Section Identification (SID) number, and ‘SN’ is the structural number 
rounded to the nearest integer.  Accordingly, the example file name is AASHO Road Test 




underlain by 8 inches of compacted subgrade that accounts for a total structural number 
of approximately 3. 
All projects are analyzed for a design life of 2 years unless otherwise noted 
(UON) and construction phasing (i.e. base/subbase construction, pavement construction, 
and traffic open), though loop-dependant, is roughly August 1958, September 1958, and 
November 1958 respectively.  The type of design is by definition flexible pavement. 
The default analysis parameters are used, however an initial IRI of 45 in/mi is 
chosen (UON) instead of 63 in/mi because the existing PSI vs. IRI models suggest this to 
be a more equivalent representation of a 4.2 serviceability index.  This change was 
important for comparative analyses that related PSI to IRI and, as will be discussed more 
fully in a subsequent chapter, it was observed the Al-Omari and Darter (1994) model fit 
the AASHO Road Test data better using a lower initial IRI.  Moreover, initial IRI is not 
relevant in subsequent analyses, which were based solely on distresses, so there was no 
bias introduced to the other regression models in doing so. 
Traffic is modeled with an initial two-way AADTT of 509 and a linear traffic 
growth of 99.9% at the end of each year.  The traffic is constrained to 1 lane that services 
100% of the trucks operating at a design speed of 30 mph.  The monthly traffic volume 
adjustment factors are set to equal 1.0 (UON), however the axle load distribution factors 
are variable based on loop and lane.  Site-specific Level 1 data is input to exactly model 
the traffic for each loop.  The truck types used at the Road Test are detailed in Figure 
3.22 below.  MEPDG also accommodates seasonal truck traffic with monthly adjustment 
factors.  These were all assigned 100% (i.e. axles carry 100% of the total assigned load 




Level 3 defaults.  However, the number of axles/truck is specified as 3 single axles for 
Class 8 trucks and 1 single axle and 2 tandem axles for Class 9 trucks. 
 
Figure 3.22: AASHO traffic configuration. (AASHO, 1961) 
Climatic data is generated based on latitude of 41 degrees 20 minutes, longitude 
of -88 degrees 50 minutes, an elevation of 610 feet, and average annual water table depth 
of 20 feet.  The MEPDG default weather stations are detailed in Table 3.1. 
Table 3.1: Weather stations details. 
Name Distance (mi) Lat. Long. El. (ft) 
Aurora Municipal Airport 35.0 41.46 -88.9 709 
Dupage Airport 50.3 41.55 -88.15 758 
Greater Rockford Airport 61.2 42.12 -88.05 731 
Greater Peoria Rgnl. Airport 63.9 40.4 -89.41 716 
Chicago Midway Intl. Airport 64.0 41.47 -87.45 619 
O’Hare Intl. Airport 65.2 41.59 -87.55 658 
 
Project structures contain a maximum of 5 layers.  Asphalt material properties 




85-100 binder grade and MEPDG default gravimetric and 
were a close match to the conditions at the Road Test
properties are defined by level 2 inputs using an AASHTO classification of A
1-b, a modulus of 30,600 psi and 15,200 psi, and ICM speci
3.24 and Figure 3.25.  Two 
represents the compacted embankment each loop was built upon and the second is the 
uncompacted foundation soils.  Excluding compaction, these two layers are identically 
defined as A-6 soils with a modulus of 3,000 psi (restricted to be a representative design 
value) and ICM specifications as noted in 
54 
volumetric properties
.  Base and Subbase material 
fications as noted in 
subgrade layers are defined for all project structures: the first 
Figure 3.26. 
 









Figure 3.24: Base material inputs. 
 




3.3.2 Application of the MEPDG
The AASHO Road Test traffic did not progress in a linear fashion over the course 
of 2 years, but rather accumulated at 
year and then more than doubled to a rate of 1,190 trucks/d
Additionally, as previously discussed, there is a seasonal influence on distress 
accumulation; meaning that there are two variables that directly control pavement 
deterioration fluctuating at the same time.  In order to compare the
over the entirety of each distress history it was necessary to align the traffic and climate 
models for the MEPDG.  
For the pilot study discussed in 
763, G=0) was used.  This results in MEPDG
distress at early times, when the actual AADDTT=512,
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Figure 3.26: Subgrade material inputs. 
 
an approximate rate of 513 trucks/day for the first 
ay for the second year.
 design procedures 
 
Chapter 4, a baseline traffic model (AADTT = 
 having bias towards over






times (AADTT=1,190).  Figure 3.27 shows the traffic models, particularly important is 
the rate or axle accumulations, i.e. the slope of the lines.  This was acceptable for the 
pilot study because only distress rates at the end of two years were considered and the 
bias canceled out.   
However, analysis of the complete AASHO Road Test distress histories makes it 
essential to model the actual applied traffic rates more accurately in the MEPDG.  The 
monthly traffic adjustment factors in the MEDPG cannot be used for this purpose, as they 
can only be specified for a one year duration and are then repeated for all subsequent 
years.  The traffic growth option can be employed, but unfortunately  the MEPDG limits 
traffic growth to yearly increments and the annual growth rate to less than 100%.  Given 
these constraints, the actual AASHO traffic can best be modeled with an annually 
adjusted traffic model having an initial AADTT = 509 and a linear growth rate = 99.9% 
as depicted in Figure 3.27 by the green line.  This model approximates the rate of traffic 
very closely; it leads the actual traffic (i.e., predicts a given traffic volume earlier than 
actually occurs) by a variable shift that is most pronounced between June 1958 and 





Figure 3.27: MEPDG traffic models 
To determine the significance of this time shift, as well as the practical differences 
between these two models and the actual AASHO traffic, six sections were chosen at 
random and analyzed for 1 year.  Analyzing 
traffic adjustment factors in the MEPDG to simulate more closely the actual conditions of 
the Road Test.  The first year predictions using the monthly
compared to the predictions fr
shift is significant.  As shown in 
traffic model produces a slight bias toward over
shows that IRI and rut depth are least affected by the time shift.
distress accumulation is nearly identical for all modes of failure, so the annually adjusted 
traffic model with AADTT=509, G=99.9% is considered acceptable. 
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vs. actual traffic at the AASHO Road Test.
for only one year permits use of the monthly 
-adjusted traffic rates can be 
om the other two traffic models to determine if the time 
Figure 3.28, the time shift in the annually adjusted 
-predicting distresses.  










There are several factors to consider during the final year of the Road Test.  
Figure 3.27 shows that beginning around 
the rate of axle applications.  However, there is no additional pavement distress until the 
March when PSI decreases by an average of 0.5
traffic continues, distress accumulation is once again arrested in September 1960.  This 







: Effect of traffic model on MEPDG predicted distresses. 
January 1960 there is a significant increase in 
 (see Figure 3.18).  Although the rate of 







3.4 Rigid Pavements 
As mentioned, the Road Test loops were composed of both flexible and rigid 
tangents.  The experimental
However, rigid pavements are not included in this study because there was no significant 
deterioration observed in 
only a handful of pavements deteriorated to a PSI less than 4.0 there is no way to use 
serviceability as a performance measure.
Figure 3.
However, while ride quality did not decrease there was still a significant amount 
of cracking and “pumping” observed 
Highway Research Board Special Report 61E details the pavement r
60 
 details for rigid pavements are summarized in 
ride quality (PSI) over the two years (Figure 3.
 
29: Rigid pavement distress accumulation. 
at the Road Test as Figure 3.
Figure 3.30.  
29).  Because 
 





(AASHO, 1961).  Published therein are distress records for Cracking Index and Pumping 
Index.   
The Cracking Index (C*) was computed by totaling all the crack lengths in a 
given section and dividing by the area of the pavement; the recorded index was in units of 
projected cracks per 1,000 square feet.  The Pumping Index (P*) was a measure of the 
volume of unbound material ejected per unit length of pavement; it was computed as 
cubic inches of material  averaged over the length of the test section in inches. 
  The cracking and pumping indices are empirically correlated to PSI, thus 
theoretically it may be possible to use C* and P* to develop a relationship between 
MEPDG predicted and AASHO measured distresses.  However, the average value of C* 
at a theoretical PSI=1.5 was 168 with a standard deviation of 71.  For P* a mean value of 
134 was correlated with a PSI=1.5, but there was “not a clear-cut definition of the value 
of the pumping index associated with serviceability…one section failed with a P*=5 
while another survived with a P*=209,” (AASHO, 1961).  These measures of 
serviceability unfortunately have the opposite issue of the PSI records, they are too 
variable.   
Furthermore, it is ill-advised to attempt to correlate poorly defined measured 
distresses to predicted ones. The cracking index is well defined using crack 
classifications, but the pumping index is misleading.  Pumping is generally accepted as 
instability in the unbound layers due to saturation that causes a loss in structural support 
and may lead to fatigue cracking.  However, the ‘pumping’ at the AASHO Road Test 
does not fit this description.  It is noted in the reports that ‘pumping’ was observed 




ejected from under one 40 foot panel overnight (AASHO, 1961).  Trench studies showed 
that the unbound material left under rigid pavements was not overly saturated or 
disturbed in anyway.  The loss of material from under the slabs at the Road Test is better 
described as erosion.  It is noted in the report that the base material was not stabilized 
properly.  Rain likely seeped under the slab and washed the top layers of unbound 
material out as axle loads were applied to the pavement.  Moreover, it was noted that had 
there not been a loss of base support there would have been minimal failures in the rigid 
tangents.  (AASHO, 1961) 
Because the performance measures are poorly defined it was decided to exclude 





















Chapter 4: Pilot Study 
4.1  Objective 
The pilot study addressed whether the AASHO Road Test was a useful baseline in 
the comparison between the AASHTO 1993 and MEPDG procedures using PSI as a 
measure of performance.  The AASHTO 1993 procedure was derived directly from, and 
characterizes pavement performance in the same terms as, the Road Test (PSI).  
Therefore, it was expected that these predictions would correspond well with the actual 
experiments.   
The usual criticisms of the AASHTO 1993 design (performance based on one 
location, one environment, one set of materials, limited test duration, outdated 
construction practices and traffic loads) were instead benefits in this study.  The high 
degree of control over the materials, climate, design details, and traffic allowed for more 
robust inputs to the MEPDG.  This was expected to aid the initial effort in understanding 
the major practical differences between the current design procedures and the MEPDG.   
The principal limitation of using the AASHO Road Test in this comparison is that 
performance was evaluated in terms of the semi-qualitative PSI index, while the MEDPG 
predicts performance in terms of individual distresses and a composite roughness 
measure IRI.  Part of the pilot study was dedicated to evaluating the most commonly 
accepted relationships between PSI and IRI. 
4.2  Methodology 
 Several sections were chosen at random to represent the full structural range of 
the Road Test.  The study was conducted in two phases.  Phase I was a small exploratory 




structural numbers (0.88-5.22).  Phase II expanded upon this by evaluating every section 
from Lane 1 in Loop 4 (18-kip single axle traffic).  This traffic configuration eliminated 
the need to convert between trucks and ESALs.  The same methodology was used in both 
phases.  Table 4.1 below gives the details for all structural sections included in the study. 






SURFACE BASE SUB-BASE 
3 1 165 2 0 0 0.88 
3 1 163 3 0 4 1.76 
4 1 633 3 0 4 1.76 
4 2 607 3 0 8 2.20 
4 3 571 3 0 12 2.64 
4 2 599 3 3 4 2.18 
4 3 573 3 3 8 2.62 
4 1 617 3 3 12 3.06 
4 3 585 3 6 4 2.60 
4 1 623 3 6 8 3.04 
4 2 601 3 6 12 3.48 
4 3 583 4 0 4 2.20 
4 1 619 4 0 8 2.64 
4 2 603 4 0 12 3.08 
4 1 627 4 3 4 2.62 
4 2 589 4 3 8 3.06 
4 3 575 4 3 12 3.50 
4 2 595 4 6 4 3.04 
4 3 577 4 6 8 3.48 
4 1 625 4 6 12 3.92 
4 2 605 5 0 4 2.64 
4 3 587 5 0 8 3.08 
4 1 621 5 0 12 3.52 
4 3 579 5 3 4 3.06 
4 1 631 5 3 8 3.50 
4 2 593 5 3 12 3.94 
4 1 629 5 6 4 3.48 
4 2 591 5 6 8 3.92 
4 3 581 5 6 12 4.36 
6 2 297 6 3 8 3.94 
6 1 325 6 6 8 4.36 




The structural sections used represent the full range of structural numbers, layer 
thicknesses, and single axle loading conditions used in the AASHO Road Test as nearly 
as possible (Table 4.1).  Structural Number (SN) and Equivalent Single Axle Loads 
(ESLAs) were used as a proxy for structural capacity and traffic respectively in this Pilot 
Study.  Doing so normalized the structural capacity and loads for each pavement section, 
meaning data could be compared across lanes and loops without bias.  Several problems 
were encountered during Phase I of the study that had to be addressed before progress 
could continue—material inputs being chief among these.  Chapter 3 details the selected 
values for both AASHTO 1993 and the MEPDG procedures and provides supporting 
evidence.   
The AAHSO Road Test, AASHTO 1993, and MEPDG design procedures were 
compared using PSI as a performance measure.  Two cases were considered representing 
evaluation based on pavement performance and design life (Chapter 3): 
• Input the reported AASHO traffic at failure (pt=2.5) and compare the 
predicted terminal serviceability from AASHTO 1993 and MEPDG; 
• Compare the predicted ESALs to failure from the AASHTO 1993 and 
MEPDG procedures against the corresponding reported traffic from the 
AASHO Road Test. 
The principal limitation of this method was that AASHO and AASHTO evaluate 
performance in terms of the semi-qualitative PSI index, while the MEDPG predicts 
performance in terms of individual distresses and a composite roughness measure IRI.  
This was addressed using an empirical model proposed by Al-Omari and Darter (1994) 




Darter model was chosen because it was derived from conditions that most nearly apply 
to the conditions of the Road Test.   
 = 5 ∗ !".)#∗ %  (4.1) 
For the first evaluation case, the actual AASHO Road Test traffic was used as an 
input to the MEPDG and the predicted IRI at the end of 2 years was converted to PSI for 
comparison against the AASHO pt=2.5 and the AASHTO 1993 results.  The second case 
required specifying the terminal PSI.  As this is not a direct input to the MEPDG, an 
iterative process was used instead.  Each section was run multiple times with an 
increasing Average Annual Daily Truck Traffic (AADTT) until an IRI=169 in/mile 
corresponding to pt=2.5 based on the Al-Omari and Darter model was achieved at the end 
of 2 years.  The AADTT to achieve that terminal serviceability was then converted to 
total ESALs. 
4.3  Significant Findings 
The relationships observed in the first stage of the pilot study ultimately were 
substantiated by the second, larger, stage and the two are therefore discussed together. 
4.3.1 Case 1: Comparisons based on predicted distress 
For Case 1 the dependant variable is terminal PSI and Figure 4.1 shows the 
results.  The MEPDG was found to consistently over-predict the terminal serviceability 
(i.e., under predicts pavement deterioration) of the pavement sections.  This is consistent 
with the findings of other studies that conclude the MEPDG often predicts thinner 




AASHTO 1993 predictions and AASHO Road Test measurements were more variable 
than expected.   
Figure 4.1: Prediction PSI using AASHO Road Test traffic that corresponds to p
 
Figure 4.2 offers some insight
AASHO measured and AASHTO predicted performance.  This graph shows the 
AASHTO 1993 predicted PSI vs. traffic for various structural numbers and the AASHO 
Road Test measurements (PSI vs. actual 18
sections were chosen randomly but were required to have a minimum of six distress 
records and the same structural number as the AASHTO model they are compared 
against (Table 4.2).  The AASHTO model for each SN approximates a best
the corresponding AASHO measured data with reasonable accuracy given that the 
models were derived from much more data than wha
PSI is taken to be 4.2 (IRI=42.5) as this corresponds with conventional methods and the 
AASHTO model is not equipped to handle PSI greater than 4.2.  
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t=2.5. (Case 1)
 towards understanding the discrepancies between 
-kip axle data) for six structural sections.  The 








Table 4.2: AASHO section data corresponding with Figure 4.2. 
Structural Number 1.3 3.1 4.8 
Section ID 
‘A’ 755 121 309 
‘B’ 729 122 328 
 
Immediately evident is the dramatic drop-off in the measured PSI vs. ESALs in 
the AASHO measured data.  The drop-off in PSI is also pronounced in the AASHTO 
1993 predictions, but less so than for the AASHO Road Test measurements.  However, as 
mentioned above, the AASHTO models were derived from much more data then what is 
published and available for this study.  For instance, the first index day, and thus plotted 
points in Figure 4.2, start from the 22
nd
 week of the Road Test.  It is reasonable to infer 
that the complete distress histories, with performance data every 2 weeks, would fit the 
AASHTO model forms well.  The steepness in the PSI vs. ESAL model form is 
responsible for the variability between the AASHO measured terminal PSI values and 
AASHTO 1993 predictions (Figure 4.1); very small changes in traffic will cause very 




Figure 4.2: AASHTO 1993 design model and AASHO Road Test historical performance.
4.3.2 Case 2: Comparing based on predicted design life 
For the second case, terminal serviceability is treated as an independent variable
and maintained at 2.5 while the predicted ESALs from AASHTO 1993 and MEPDG 
required to reach failure are the dependant variable.  The design predictions are compared 
against the measured traffic from the AASHO Road Test.  Based on the previous case, 
the MEPDG is expected to overestimate the volume of traffic required to reach failure 











Figure 4.3: Predicted vs. measured design life using AASHO Road Test PSI is 2.5. (Case 2)
 The above graph shows the when analyzing design life in terms of 
failure, AASHTO predictions agree well with the actual AASHO measured data.  This is 
of course expected given that the AASHTO design procedure was derived from the 
AASHO Road Test.  Moreover, the opposite mechanism discussed i
for this case; that is, changes in PSI produce
is observed that MEPDG has a significant bias towards over p
would equate to thinner pavement sections as independent research suggests.
4.4  Discussion 
 The objectives of this p
AASHO Road Test was a useful tool for evaluating the AASHTO 1993 and Mechanistic
Empirical design procedures, and second, to determine if PSI is a realistic measure of 
performance for this evaluation.
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n Figure 4.
 minimal changes in ESALs.  Additionally, it 
redicting design life.  This 





2 is true 
 





The purpose of this research is not just to evaluate how AASHTO and MEPDG 
predictions relate to each other, but also how close they match actual performance.  The 
AASHO Road Test was chosen as a real-world comparison to put the design predictions 
in perspective.  Furthermore, it was expected that the AASHTO predictions would 
correspond well with the AASHO measured data, making it possible to prove a 
hypothesis—even if only provisionally—before expanding the study to pavements in 
other locations and introducing more variables.  As discussed, this hypothesis was indeed 
supported by the results, directly when evaluating service life and indirectly when 
evaluating distress predictions.   
The second goal of the pilot study was to evaluate PSI as a composite 
performance measure.  Problems were observed in the PSI vs. IRI empirical correlation 
developed by Al-Omari and Darter (1994).  The model used in this Pilot study is their 
generalized equation.  However there are no significant changes in the results when using 
their specific AC model ( = 5 ∗ !".I$∗ % ).  This is because their models are not 
very sensitive to changes in IRI; an increase of 10 in/mile in IRI decreases PSI by a tenth.  
Furthermore, the Al-Omari and Darter model was developed from data observed over 
relatively low IRI and high PSI ranges characteristic of real in-service pavements.  This 
makes it less reliable in the lower PSI range (0.75<pt<3.0) which is the focus of this 
study. 
Additionally, the IRI model within the MEPDG is potentially adding variability to 
the results.  IRI predicted by the MEPDG is not significantly influenced by many of the 
pavement distresses or environmental factors in the MEPDG method; rather, it is 




study was the default value of 63 in/mile.  Changing the initial IRI to 100 in/mile results 
in an overall decrease in terminal PSI of 0.5 to 3.0 and brings predictions closer in line 
with the AASHO Road Test meas
within the standard deviation of the MEPDG models.  However, an IRI
contradictory to the Al-Omari and Darter Model which relates a PSI o
approximately 45 in/mi, meaning one could just as easily argue the reverse that the data 
points should increase to a terminal PSI of approximately 4.0.
Figure 4.
The overriding observations from the pilot study are that it is reasonable to 
continue using the AASHO Road Test in a larger scale study
needed to determine a statistically sound relation between the PSI output of A
and the IRI and distresses predicted by the MEPDG.
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Chapter 5:  AASHO Road Test Modeling Results 
The principal limitation of the AASHO Road Test is that performance is 
evaluated in terms of the semi-qualitative PSI index while the MEPDG predicts 
individual pavement distresses.  Chapter 3 presented the methodology and 
troubleshooting steps for modeling the AASHO Road Test using both the MEPDG and 
AASHTO 1993 design procedures.  Chapter 4 detailed the findings of the pilot study 
including the difficulty in using existing IRI to PSI relationships.  The purpose of this 
chapter is to discuss the results of the full-scale models for the AASHO Road Test using 
both design procedures and evaluate the accuracy of each procedure in relation to 
historical data. 
The Flexible Pavement Database has been mentioned in passing several times and 
is fully detailed in Appendix A.  The database was developed to organize the AASHO 
distress histories, AASHTO design predictions, and MEPDG distress predictions for each 
unique structural section encompassed in Design 1 for the Road Test.  Loop 1 sections 
were excluded because they were strictly for environmental research. 
Both design procedures were evaluated using the same methodology employed in 
the pilot study.  The AASHTO 1993 Design Procedure was evaluated in terms of design 
life and pavement distress.  However, the MEPDG was evaluated only in terms of 
distresses; evaluating in terms of design life is an iterative process and impractical for a 
large-scale study. 
This large-scale study supports the initial observations of the pilot study.  The 
AASHTO 1993 model and the Road Test results agree well, specifically when design life 




Loop 2 data and using seasonally weighted traffic inputs.  MEPDG predictions were 
compared directly to AASHO serviceability data, but no overriding trends were observed.  
A limited amount of rutting data from the AASHO reports were compared to MEPDG 
predictions with positive results, showing the rut depth can be predicted with confidence.  
However, there is not enough transverse profile data to apply these results across the 
whole of the AASHO Road Test.  Existing relationships between PSI and IRI were also 
considered and found to be insufficient for modeling the Road Test. 
5.1  AASHTO 1993 Model 
The AASHTO design equation was empirically derived from the results of the 
AASHO Road Test with some additions over time and it is therefore reasonable to expect 
the predicted and measured PSI values to match closely.  As discussed in Chapter 3 this 
model can be evaluated using two cases: Case 1 uses the AASHO Road Test pavement 
properties to predict design life; Case 2 uses AASHO traffic to predict serviceability. 
5.1.1 Unweighted Predictions 
Figure 5.2 shows the large-scale results when using design life to evaluate the 
AASHTO Design Procedure against historical pavement performance.  The results 
observed in the pilot study are confirmed; AASHTO predicted design life agrees 
reasonable well with AASHO measured data (R
2
=0.54) with negligible bias.  Figure 5.3 
shows the large-scale results for Case 2, predicted serviceability.  Once again, results 
confirm the initial observations from the pilot study.  The pilot study results showed poor 
agreement between AASHTO predicted PSI and AASHO measured values due to the 
steep drop off in PSI values with small increases in traffic.  The poor fit (R
2
=0.10) is due 




in traffic PSI changes dramatically.  The original AASHO model, in the form of SN vs. 
load as shown in Figure 5.1, had a fit of +/- 14% (AASHO, 1961).  The R-squared value 
in Figure 5.3 is too unreliable for practical use, but the one in Figure 5.2 is unexpectedly 
low in the context of the 1961 model statistics—even considering a different model form.   
 
Figure 5.1: AASHO Road Test relationship between design and axle load application at p=1.5 from the Road 
Test Equations. (AASHO, 1961) 
The Loop 2 results introduce extra scatter and artificially lower the measures of 
fit.  It can be clearly observed in both figures that Loop 2 predictions do not follow the 
same trends as the other four loops.  When using service life as a performance measure 
there is an unexplained banding in the Loop 2 data (Figure 5.2).  Because service life is 
relatively insensitive to changes in PSI this banding does not introduce any bias, but it 
does decrease the coefficient of determination.  Removing the Loop 2 data raises R
2
 for 




performance measure, the Loop 2 data shows a prominent bias towards over predicting 
PSI (Figure 5.3).  In this case the Loop 2 trends do influence both bias and goodness-of-
fit.  Removing the data results in an R
2
=0.4 for the trend in Figure 5.3.  However, 
exclusion of Loop 2 imparts a global bias in the data to underpredict PSI.  This is likely 
due to the issue discussed in Chapter 3 when using the AASHTO procedure in an 
inverted format (solving for PSI); for a given combination of traffic and structural 
capacity there is a limiting terminal PSI.  All cases in which an unrealistic PSI was 
predicted were filtered from the results, but the borderline values (PSI<1.0) that cannot 
be systematically removed remain and this is likely influencing the bias. 
The observations made in these figures (as well as those for the MEPDG) 
prompted the Loop 2 investigation discussed in Chapter 3.  In summary, Loop 2 was 
substantially under-trafficked in relation to the available structural capacity and thus the 
results do not follow the same trends as in Loops 3 through 6.  
Another source contributing to the spread in the data results may be the seasonal 
influence of distress accumulation.  The AASHTO model was derived based upon 
seasonally weighted data, but unweighted axle applications are used in this present study. 






Figure 5.2: Evaluating predicted design life, AASHO measured traffic versus AASHTO predicted traffic.
Figure 5.3: Evaluating predicted service life, AASHO measured PSI vs. AASHTO predicted PSI.
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fit line excludes Loop 2 data. 








5.1.2 Seasonally Weighted Predictions 
Briefly discussed in Chapter 3 was the significant seasonal influence on predicted 
serviceability at the AASHO Road Test.  To deal with this the scientists and engineers 
developed a ‘Seasonal Weighting Factor’ based upon static load deflection testing from 
Loop 1.  The Seasonal Weighting Factor was applied such that in the spring months, the 
axle applications were multiplied by a number greater than 1 and in the winter, the axle 
applications were multiplied by a number less than one.  The seasonal factors from the 
published reports are summarized in Table 5.1.  (AASHO, 1961) 








Seasonally Weighted Applications  
(Hundreds) 
Mean Total Mean Total 
11 35 797 4.84 169 751 
22 162 2,331 0.87 141 2,897 
33 368 4,446 0.28 106 4,014 
44 355 8,068 1.44 511 9,436 
55 142 11,138 0.44 63 12,265 
  
Figure 5.4 and Figure 5.5 show the results of both seasonally weighted and 
unweighted axle applications for predicted design life and predicted serviceability 
respectively.  As expected, using the seasonally weighted axle applications results in 




Figure 5.4: Predicted design life vs. measured weighted and unweighted ESALS .  In both cases the dependant 
variable represents predicted service life from AASHO measured PSI.  For seasonally weighted data the 
‘measured’ variable is the seasonally adjusted AASHO
Figure 5.5: Predicted weighted and unweighted PSI vs. measured PSI
historical Road Test Data.  For the seasonally weig
ESALs.  For the unweighted case, predicted PSI is based on actual ESALs.
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 traffic.  For the unweighted data this is just the actual 
traffic. 
. In both cases measured PSI 
hted case, predicted PSI is based on the seasonally weighted 
 
 





5.2  MEPDG Model 
 The experimental parameters of the AASHO Road Test are not directly 
compatible with the design factors of the MEPDG.  Therefore, while traffic-to-traffic and 
PSI-to-PSI comparisons were made for the AASHTO Design Procedure in the 
proceeding section, the MEPDG distress predictions are presented here individually with 
respect to the measured AASHO serviceability.  The transverse cracking model in the 
MEPDG v1.1 predicted no thermal cracking for the conditions at the Road Test so only 
longitudinal cracking, alligator cracking, rut depth, and IRI predictions are discussed. 
5.2.1 Fatigue Distress Predictions 
When the traffic growth model is applied to all 284 AASHO test sections from 
Loop 2 – Loop 6, several observations can be made.  Rutting is the principal distress 
recorded at the Road Test and MEPDG predictions support this fact.  Nearly no structural 
sections exhibited predicted longitudinal (Figure 5.6) or alligator cracking (Figure 5.7) 
that reached significant levels; conversely, almost all the sections have severe predicted 
rutting (Figure 5.8).  The ‘Inadequate’, ‘Fair’, and ‘Good’ thresholds used throughout this 
section are as suggested in the MEPDG Manual of Practice (AASHTO, 2008). 
The data are divided by loop to differentiate any patterns in the distress 
predictions.  Each loop shows decreasing PSI with increasing distress as expected, but the 
data do not fall into particular ranges depending on loop, nor do the data as a whole 






Figure 5.6: MEPDG predicted longitudinal cracking versus AASHO Road Test measured PSI.
Figure 5.7: MEPDG predicted alligator cracking versus AASHO Road Test measured PSI.
5.2.2 Rutting Distress Predictions
 Figure 5.8 shows MEPDG predicted rutting vs. AASHO PSI for all the test 
sections in Loops 2 through 6
because there is some 
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 as was discussed in the proceeding section





.  However, 




comparison was also investigated
of 2 years for 22 unique structura
gives a sample data set for a structural section with 3 inches of AC, 9 inches of granular 
base, and 12 inches of subbase.  The raw data in the Road Test reports is recorded as the 
change in surface elevation at the centerline and at 3, 6, 9, and 12
the centerline.  The data was converted to absolute change in elevation (the original road 
profile was graded away from the centerline), then the rut depth was calculated and 
averaged for the inner and outer wheel paths.
Figure 5.8: MEPDG predicted rut depth versus AASHO Road Test measured PSI.
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.  Transverse profile data was measured over the course 
l sections (44 pavement-load combinations).  








Table 5.2: Sample of transverse profile data from the AASHO Road Test Reports and rut depth calculations. 
 
Though the data is limited, the results are reassuring.  Figure 5.9 shows 2 years of 
predicted rutting vs. transverse profile measurements for all 175 rutting observations for 
the 44 pavement-load combinations.  The trend for predicted vs. measured rutting for the 
complete data set is relatively unbiased with an R
2
=0.53. Sections trafficked by tandem 
axles exhibit slightly more scatter (R
2
=0.42) as compared to single axle sections 
(R
2
=0.57).  These results are promising, but it is important to acknowledge that the data 
is 10% of the total pavement population and should therefore not be assumed to represent 




TIME Origional Profile 12.0 9.0 6.0 3.0 0.0
Change in Elevation -0.1 -0.7 -0.1 -0.7 -0.1
Transverse Profile -1.6 -1.6 -0.6 -0.9 -0.1
Rut Depth -0.5 -0.6
Change in Elevation -0.2 -0.8 -0.2 -0.8 -0.1
Transverse Profile -1.7 -1.7 -0.7 -1.0 -0.1
Rut Depth -0.5 -0.6
Change in Elevation 0.4 -0.6 0.0 -0.6 0.0
Transverse Profile -1.1 -1.5 -0.5 -0.8 0.0
Rut Depth -0.7 -0.6
Change in Elevation -0.6 -1.3 -0.4 -1.0 -0.1
Transverse Profile -2.1 -2.2 -0.9 -1.2 -0.1
Rut Depth -0.7 -0.7
Change in Elevation -0.5 -1.3 -0.4 -1.0 -0.1
Transverse Profile -2.0 -2.2 -0.9 -1.2 -0.1
Rut Depth -0.8 -0.7
Change in Profile 0.0 -1.3 -0.1 -1.0 0.0
Transverse Profile -1.5 -2.2 -0.6 -1.2 0.0
Rut Depth -1.2 -0.9
Change in Profile 0.0 -1.3 -0.1 -1.0 0.0
Transverse Profile -1.5 -2.2 -0.6 -1.2 0.0

































5.2.3 IRI Distress Predicti
The applicability of IRI as a performance measure to compare the MEPDG and 
AASHTO 1993 design procedures was first explored in the pilot study.  It was observed 
that MEPDG overpredicted design life (underpredicted distresses) in comparison to the 
AASHTO 1993 design procedure.  However, there was ambiguity as to whether the Al
Omari and Darter model (1994) used to convert IRI to PSI introduced too much error.  
IRI is considered in 
noted before, there is no strong correlation between the measured and predicted data.  
Moreover, existing models that define a relationship 
be inadequate for representing the AASHO Road Test data.  The Paterson 
Gulen et al. (1994) models were developed using data from several countries and the 
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: AASHO measured rutting vs. MEPDG predicted rutting. 
ons 
Figure 5.10 in the same manner as the previous distresses.  As 








state of Indiana respectively, while the Al
data from six states, arguably making it more suited to this study.  However, the Al
Omari and Darter model is based on data from in
better condition with few PSI values less than
was that the majority of the PSI values for the AASHO Road Test pavements ranged 
from 2.5 to 1.5.  Consequently, although the Al
is the best suited of the three to the conditions at th
data well where PSI>3.0. 
Figure 5.10: AASHO measure PSI vs. MEPDG predicted PSI.  The Al
PSI
A regression was performed on the Road Test data using the same model form as 
Al-Omari and Darter and is plotted in 
However, even this adjusted model is still unable to capture the sudden seasonal decrease 
87 
-Omari & Darter model was developed using 
-service pavements in generally fair or 
 3.0.  A concern raised by the pilot s
-Omari and Darter model (IRI
e AASHO Road Test, it only fits the 
 
-Omari & Darter, Gulen, and Paterson 
-IRI relationship are also plotted against the data. 









in PSI observed in the AASHO Road Test.  In 
axis to help explain the main functional flaw of this model form.  
Based on practical service levels (PSI 0
range of approximately 40 to 120 in/mi.  In that range the AASHO data decreases at a 
rate far greater than any of the models can capture.  The sharp decrease in measured PSI 
was first observed in the pilot study as a fun
detail.  Moreover, the decreases in PSI were highly seasonal at the Road Test, but the 
MEPDG IRI distress model progresses in an essentially linear fashion with time.  





Figure 5.11, a log scale is applied to the x
 
-5), the IRI models are applicable to a 
ction of traffic and has been discussed in 
elate PSI to distresses must be developed.








Chapter 6:  Performance and Distress Model Development 
 
 Chapter 5 presented the results of modeling the AASHO Road Test using the 
AASHTO 1993 and MEPDG design procedures.  No direct correlations between the 
predicted MEPDG distresses and AASHO measured serviceability could be drawn and 
existing relations between IRI and PSI were shown to be inadequate for this application.  
The following chapter presents several attempts to derive a relationship that can be used 
as a comparative performance measure between the Road Test, AASHTO 1993 Design 
Procedure, and the MEPDG. 
The Flexible Pavement Database contains the identification and structural data for 
each section along with the corresponding MEPDG and AASHTO 1993 inputs and 
distress predictions.  Some sections were excluded from the analyses:  
• Loop 1 sections, a total of 48 pavement structures, were designed for an 
environmental affects study and are omitted because they were not subjected 
to a load. 
• Loop 2 sections were used in the initial modeling attempts, but it became 
increasingly apparent that this loop was substantially under-trafficked with 
regard to the structural capacity of the pavement as compared to loops 3 
through 6; consequently, these 44 structural designs are omitted from final 
regressions. 
• All duplicate sections, totaling 24 structural designs across Loops 3-6, are not 
used individually but are averaged and cataloged as one result. 
• All sections that reached a present serviceability index of 1.5 prior to the first 
distress record (i.e. the 11
th




March 1959) were omitted, totaling 39 structural designs across Loops 3-6, 
because there is no measured data to use in the comparison. 
After this screening, 177 of the original 332 structural sections trafficked during 
the AASHO Road Test main factorial design experiment remained for subsequent 
analysis.  The soundness of each regression model was assessed using at least one 
statistical test.  The coefficient of determination (R
2
) was used to assess the ‘goodness of 
fit’ in all cases.  The T-test was used occasionally as a measure of statistical significance 
of the individual coefficients in the regression models.  For this study a two-tailed test is 
used and an α=0.05.  Thus, if the t-value is greater than 1.960 the coefficient is 
statistically significant; the practical implication of this is that the given term has an 
influence in the regression.  The residuals of each model were also examined to 
determine if there was any bias in the regression. 
6.1  Multivariate Regression 
Several multivariate regressions of the form in Equation 6.1 were conducted using 
combinations of longitudinal cracking (LC), alligator cracking (AC), and rut depth (RD).  
 =  c − c#R − cQ − cI (6.1) 
This basic equation was varied to analyze the effect of fatigue distress verses 
deformation.  Based upon the MEPDG predictions and the actual results of the Road Test 
the rutting term should hold considerable weight in the regression.  Therefore, this term 
was analyzed using multiple forms: cd log ; cd ln ; cdfg  ch =
2, 3, cjk 4.  The longitudinal and alligator cracking terms were analyzed both separately 




of fatigue cracking where the top
to an area basis.  The most promising regression 




Several important observations are made from this 
relationship between AASHO measured PSI and MEPDG predicted distresses.  The final 
form of the multivariate regression includes a constant term of 4.390, very near the 
normally assumed initial PSI value of 4.2.  Furthermore,
statistically significant by the T
is expected.  Finally, the regression fits a normal probability curve reasonably well 
(Figure 6.1). 
Figure 6.1: Normal probability plot for the most successful multivariate linear regression.
In all the regression attempts, the longitudinal cracking term was assigned a 
positive coefficient, indicating that PSI would increase with increasing longitudinal 
cracking.  Therefore, while the T
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-down crack length was multiplied by 1 ft to convert it 
was (R
2
 = 0.25): 
+  0.00058R −  0.06008Q − 1.89974
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initial attempt at developing a 
 not only are all the terms 
-test, but the rutting term is assigned the most weight, as 
 






significant variable, it is 
term is statistically and practically significant further observations 
residuals (Figure 6.2).  This, along with the low coefficient of determination (R
indicates that there should be a better model form to relate PSI and distress.  
Figure 6.2: Distribution of residuals in the rutting term for the most successful multivariate linear regression.
At low rut depth the residuals trend negative while at large rut depths the residuals are positive.
As described previously, the representativeness of the data from
questionable because the ratio of traffic load to structural capacity is much lower than in 
the other loops.  The initial multivariate regressions were therefore conducted twice, both 
with and without Loop 2 data.  In all cases, the exclusion of
coefficient of determination by approximately one
of Loop 3-6 data.   
 A linear regression d
MEPDG distresses.  Because of the high 
with promising results from the measured to predicted rutting analysis and indication of 
statistical significance from the multivariate regression attempts
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unreasonable in physical terms.  Additionally, while the rutting 
suggest
 this data increased the 
-tenth.  Equation 6.2 
id not provide the required model form to relate PSI to the 
occurrence of rutting at the road test
—further analysis was 













conducted based solely upon rut depth.  Once an adequate model relating PSI to rut depth 
is developed, it may be further refined by incorporating the fatigue distresses. 
    
6.2  Direct Transformation 
To relate PSI and rut depth, a direct transformation was formulated using traffic 
as a conduit.  There are clear and relatively significant relationships between the log of 
traffic vs. PSI (R
2
=0.29) and between the log of traffic vs. rut depth (R
2
=0.58) as seen 
below in Figure 6.3 and Figure 6.4.  A linear relationship was derived to fit the log of 
traffic vs. PSI data (Equation 6.3a), where as both linear and natural log relations were fit 
to the log of traffic vs. rut depth data (Equation 6.3b and Equation 6.3c).  Both cases were 
resolved so that traffic was the dependant variable and then set equal to each other such 
that PSI was related directly to rut depth (Equation 6.4a and Equation 6.4b).  The final 
model forms were simplified and manipulated to solve for PSI in terms rut depth (Figure 
6.5).  The resulting transformations from RD to PSI are shown in Equation 6.5a and 
Equation 6.5b. 
logT#$ =  −0.4453 + 7.0251 (6.3a) 
logT#$ =  2.5664 + 4.0429 (6.3b) 
logT#$ = 1.4685 ln +  6.3922 (6.3c) 
 
−0.4453 + 7.0251 = 2.5664 + 4.0429 (6.4a) 






Figure 6.3: Linear regression to establish a relationship between the log of traffic and PSI.
Figure 6.4: Linear and natural log relationships between the log of traffic and rut depth.
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 = 6.6971 − 5.7633 










Figure 6.5: Direct transformation relationship between PSI and rut depth.  The 
the solid blue line is Equation 
Figure 6.5 depicts both models superimposed over the AASHO PSI vs. MEPDG 
RD data.  It is clear that neither model provides a very good relationship.  If rut depth is 
zero, the corresponding serviceability of the linear and natural log models are 6.7 and 
16.6 respectively.  Even accounting for the additional distress that may be expected f
including terms for fatigue cracking, these values are too large to represent an end
construction serviceability.  
There does appear to be a potential trend to the data when considering only PSI 
and rut depth, as is sketched in 
PSI of 4.2, it is observed that rutting progresses with relatively minimal impact on PSI 
until approximately 0.4 to 0.8 in. after which PSI rapidly deteriorates.  Considering the 
data in terms of ∆PSI vs. rut depth aids in devising a model that fits these requirements.
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Figure 6.5 above as a dashed line.  Assuming an initial 
 








6.3  Select Model Forms 
As previously discussed, the models must meet the following requirements at a 
minimum: physical sensibility and significance—i.e., ∆PSI=0 when RD=0; and statistical 
significance—i.e., acceptable R
2
, no bias in residuals.  Five separate model forms were 
attempted (Figure 6.6 and Table 6.2).  Model 2 fails both physical and statistical 
significance tests while the remaining three models meet all physical requirements but 
have a coefficient of determination R
2
 only equal to about 0.2.   
The critical flaw in all the model forms is that they fail to capture the point at 
which the rate of change in PSI to rut depth steepens.  Even the bilinear model (Model 5), 
which was formulated specifically to capture this turn in the relationship, did not produce 
good results.  The slope for the second half of the model should be considerably steeper, 
indicating that rut depth progresses at a faster rate as PSI increases.  However, the spread 
of data in the upper range (0.5-1 in.) skews this observation and results in nearly identical 
slopes for both parts of the bilinear model.  Moreover, and indicative of the results 
pertaining to the slopes, the model is not sensitive to changes in the turning point and 
returns an R
2
≈0.2 for a turning point range of 0.25 to 0.75 inches of rutting.   
To improve the fit (R
2
) for these models, each was analyzed multiple times with 
select data.  Data were stratified based on structural number, loop, lane, factorial block, 
etc. to decrease scatter and then analyzed with each model form.  However, no regression 
yielded an R
2




















line represents the ideal case. 
2: PSI vs. RD Models and statistical significance. 
Model Form 
l =  1.1438 −  .)$m$ 
=  121.2452 −  10%n" m.:)m:I.:)m 8m#.J#$I − 1.2452
l =  1.5400 1.8883 −  .IJ$ 
l =  2.1864 #.mm#0.9950 −  ".### 
=  [ 1.7050 ∗                            op  q−0.0449 +  1.7755 ∗      op  r
 
2 and the yellow 
1m#.J#$I 




The most statistically successful model is the multivariate linear regression 
(R
2
=0.25).  However, Figure 6.7 shows that while the linear model involves all types of 
distress, it fails to capture the relationship between ∆PSI and rut depth adequately.  To 
incorporate fatigue cracking while focusing on modeling rut depth, a hybrid model form 
was used which combined the best components of the linear, power, and piecewise 
models: 
• Linear multivariate model incorporates all distress types. 
• Power model best simulates the observed principal distress type (rutting). 
• Piecewise model provides the flexibility to split the model into linear and 
power components 
The ideal relationship, plotted as a dashed line in Figure 6.7, is observed to be 
relatively linear for rut depths less than half an inch and exponential for rutting greater 
than that.  For the first half of the model, longitudinal cracking, alligator cracking, and rut 
depth terms are derived directly from the multivariate linear model.  For the second half, 
the rutting term is altered to incorporate the most successful of the rut depth model forms.  
Ultimately, the most successful model, presented below as Equation 6.6, was 
achieved using a simple power law for the rutting term.  Statically, an R
2
 of 0.21 for the 
piecewise-multivariate-power model is a negligible improvement over previous 
regressions.  However, when the model is superimposed over the AASHO ∆PSI vs. 
MEPDG rut depth data, the model shows signs of physical significance and very nearly 
matches the ideal model form (Figure 6.7).  Note that Figure 6.7 imposes the 




measured ∆PSI vs. MEPDG predicted RD.  
depth and fatigue cracking, they 
l =  [ 0.0111R +−5.8259 +  7.5577
It is very clear that the piecewise
incorporating both fatigue and rutting terms as well as capturing the PSI vs. RD 
relationship.  
Figure 6.7: Piecewise-power and multivariate
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Since the models are functions of both rut 
cannot be plotted as a singular line in Figure 6.
 0.0138 Q + 1.6593                                        .:                                                                 
-power model is the most successful model; 
-linear distress models plotted over AASHO measured data; 
dashed yellow line is ideal model form. 
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Chapter 7:  Key Insights and Lessons Learned 
 The purpose of this thesis is to compare the AASHTO empirical and MEPDG 
pavement design procedures and evaluate the major practical differences.  There were 
three objectives to this study: 
1. Verify the accuracy of the 1993 AASHTO Pavement Design Procedure 
and the Mechanistic-Empirical Pavement Design Guide predictions in the 
context of the AASHO Road Test;  
2. Evaluate existing pavement performance measures and identify thresholds 
of serviceability that permit the user to convert between the framework of 
either procedure;  
3. Identify the key practical differences with regard to structural capacity 
between the MEPDG and AASHTO 1993 design procedures. 
This chapter reviews the findings of this research and discusses the overall 
success towards meeting each of these objectives.  Additionally, lessons to learn from 
these results and future research recommendations are presented. 
7.1 Accuracy of Design Predictions for the AASHO Road Test 
The AASHO Road Test is used as a historical reference for this study to capitalize 
upon the weaknesses of the AASHTO empirical design procedure and turn them into 
strengths instead.  Pavement performance based on one location, one environment, one 
set of materials, and well-defined traffic loads allowed for a high degree of control over 





Literature reviewed in preparation for this study suggests that several trends are 
expected in the data and results.  First, because the AASHTO empirical procedure is 
derived from the Road Test, it is reasonable to anticipate predictions and measured data 
to agree well.  This is found to be the case first in the pilot study and then again for the 
full data set.  When evaluating performance based on design life (Figure 5.2) this result is 
seen directly with a respectable R
2
=0.75.  However, when evaluating pavement 
performance based on predicted distress (serviceability), it is necessary to first understand 
the shape of the AASHTO model and the context of the Road Test measured records.  
There is a steep drop off in both the measured results and the model form so that a small 
change in traffic results in a large change in PSI (Figure 4.2).  Additionally, when using 
the inverted form of the AASHTO equation (solving for serviceability) there is a limiting 
value of PSI for any given SN and load combination (Figure 3.21).  These two factors 
result in highly variable predictions and a correspondingly low coefficient of 
determination (R
2
=0.37) (Figure 5.3).  Once this is understood, it is reasonable to 
conclude that the AASHTO empirical predictions and measured AASHO records do in 
fact agree indirectly when using distress to access the accuracy of the AASHTO 1993 
design procedure. 
The second trend expected to manifest in the data is a prediction of thinner 
pavement sections by the MEPDG.  Findings from the pilot study suggest that when 
evaluating predicted distress the MEPDG overpredicts measured performance 
(underpredicts distress accumulation) by approximately 1.0 PSI (Figure 4.1).  
Additionally, for the case of predicted service life MEPDG once again is found to 




translate to a prediction of thinner pavement sections as anticipated.  Moreover, based on 
the observed distresses at the AASHO Road Test (Figure 3.10) it is expected that 
MEPDG will predict minimal fatigue distress and excessive rutting.  The results 
presented in Chapter 5 confirm this expectation.  In addition, the available measured 
rutting data agrees well with the MEPDG rut depth predictions (R
2
=0.53) (Figure 5.9).  
While the specific rutting results only represent 10% of the population, they are a key 
component in both verifying the MEPDG rutting model and the development of the new 
performance measure relation discussed in Chapter 6. 
7.2 Evaluation of Pavement Performance Measures 
Defining an appropriate performance measure to compare the MEPDG and 
AASHTO 1993 design procedures has proven a difficult task.  Because the AASHTO 
1993 procedure is evaluated in terms of the semi-qualitative present serviceability index 
and MEPDG predicts individual distresses there is no direct correlation.  As discussed in 
Chapter 2, there are several existing empirical relationships between PSI and IRI, with 
the Al-Omari and Darter (1994) model most applicable to this research.  However, 
because this relationship was developed using in-service pavements it was ultimately 
found to not fit the AASHO Road Test data (Figure 5.10).  Moreover, even the basic 
model form suggested by Al-Omari and Darter is unsuitable for the Road Test data.  The 
discrepancy is due to the inherent conditions at the Road Test.  Observation of the 
distress histories reveals a significant seasonal influence on distress accumulation.  In the 
most extreme cases, PSI rapidly decreases between February and March each year and 
nearly halts during the remainder of the year (Figure 3.19).  The root of the disagreement 




linear MEPDG predictions of IRI vs. time fail to capture the dramatic seasonal drops in 
PSI that actually occurred at the Road Test.   
A database of the AASHO Road Test structural pavement sections, AASHTO 
1993, and MEPDG predictions was therefore created for developing credible alternative 
models relating AASHO PSI directly to MEPDG distress predictions.  Several 
approaches were used to develop these models, as detailed in Chapter 6.  The largest 
coefficient of determination achieved for a physically sensible model is R
2
=0.21 for a 
piecewise-multivariate-power model.  Predicted serviceability vs. rut depth plays a 
critical role in the development of this model.  Measured PSI decreases gradually with 
predicted rut depth until approximately 0.4 inches of rutting, after which PSI then rapidly 
deteriorates.  Although the R
2
 value for this model is still quite low, it is successful in 
mirroring the measured ∆PSI vs. predicted RD trends observed in Figure 6.7.    
7.3 Discussion 
The purpose of this research is not just to evaluate how AASHTO and MEPDG 
predictions relate to each other, but also how close they match actual performance.  The 
AASHO Road Test was chosen as a real-world comparison to put the design predictions 
in perspective.  Furthermore, it was expected that the AASHTO predictions would 
correspond well with the AASHO measured data while MEPDG would overpredict 
design life.  As discussed above, AASHTO and MEPDG expectations based upon past 
studies were met, verifying the accuracy of the design procedures.   
However, difficulty arose in quantifying the differences between the two 
procedures.  Lacking a suitable comparative performance measure to fit the conditions of 




with limited success (R
2
=0.21).  There are several likely causes to explain the weak 
correlation between predicted distresses and measured serviceability including: 
• Limited availability of AASHO Road Test data.  Access to more detailed distress 
histories will unlikely change the results, but would improve confidence in the 
final model. 
• The seasonal influence on the pavement performance at the Road Test.  This is 
particularly important because there are only two years worth of data to analyze 
making it critical to fit the traffic and climate models accurately. 
• Use of the nationally calibrated MEPDG models to predict distresses for localized 
conditions.  Both Kim et al. (2010) and Li et al. (2009) found that calibrating the 
MEPDG models was vital to successful implementation on the state level.  No 
flexible pavements from Illinois were used in the national calibration of the 
MEPDG implying that agreement may be particularly poor for this state. 
(NCHRP, 2004) 
Efforts were made to develop a correlation between the AASHTO predicted PSI 
and MEPDG predicted distresses as well, with no improvement over the initial attempts.  
Furthermore, neither stratification of the data nor use of weighted PSIs improved the 
model fit.  Therefore, it is concluded that the model presented in Equation 6.6 with an 
R
2
=0.21 is the best possible result for these conditions. 
7.4 Lessons Learned and Future Research Recommendations 
The main criticism of the AASHO Road Test relative to this study is the limited 
range of traffic loading.  Beyond 2 million ESALs the AASHO Road Test is no longer 




1993 and MEPDG predictions.  As such, all findings discussed above should be viewed 
within that context and may not necessarily hold true for traffic levels above 2 million 
ESALs.  Even within the scope of the AASHO Road Test, the range of data is extremely 
limited.  Except for about two dozen test sections having measured rutting data, the 
subjective PSI values are the only performance measure available.  This makes it 
impossible to evaluate directly any of the performance measures predicted by the 
MEPDG.  Future research efforts will benefit from using a more realistic historic source 
that better accommodates comparison under ‘real’ circumstances.  For example, a more 
substantial design life as well as materials and traffic similar to those in practice today.  
The FHWA Long Term Pavement Performance (LTPP) database is the obvious source 
for these data.  However, given the wide range of pavement structures, material 
properties, traffic, and environmental conditions spanned in the LTPP database, 
performing a comparative study between the MEPDG and 1993 AASHTO procedures for 
a large set of LTPP sections is a major undertaking. 
Ultimately, the link between empirical design and the MEPDG will be found in 
historical pavement data.  The AASHO Road Test is a great source for detailed material, 
traffic, and climate inputs.  However, it is only useful for considering the broad strokes in 
performance trends.  To quantify the key practical differences with regard to structural 
capacity between the MEPDG and AASHTO 1993 design procedures a more modern 
source like the LTPP database should be employed.  This is presently the biggest hurdle 
to implementing the MEPDG.  State agencies will need to refine what data is collected 
for their pavement management information systems before the MEPDG will be useful as 




Appendix A: Flexible Pavement Database 
 
The Flexible Pavement Database contains all pertinent information about the 
AASHO Road Test, AASHTO 1993 predictions, and MEPDG predictions for this thesis.  
There are several software options that serve as a suitable platform for this application; 
the options were narrowed down to Microsoft Access and Microsoft Excel due to 
universal acceptance and availability.  Access provides more flexibility to cluster, link, 
quarry, and protect information; however Excel was chosen for more powerful regression 
and plotting options. 
The Flexible Pavement Database is a complete compilation of the AASHO Road 
Test Main Factorial Design and houses the data for roughly 284 individual structural 
sections.  An example of the database layout is given below in Figure A.1.  It includes all 
pertinent Road Test identification information (loop, lane, factorial block, SID, layer 
thicknesses, SN) and result data available in the AASHO reports (axle applications and 
PSI).  Alongside the measured data for each structural section is the corresponding 
MEPDG and AASHTO 1993 distress predictions. 
The AASHTO analysis is carried out with the two methodologies discussed in 
Chapter 3.  Predicted distress is determined using the AASHO measured ESALs while 
predicted design life is determined using the AASHO measured PSI.  AASHTO 
predictions are computed directly in Excel and, though not show in Figure A.1, a full 
breakdown of calculations is available in the attached electronic database.  Rutting 




database this data is stored separately but follows the same logic and design concepts as 
previously described. 
The MEPDG generates an Excel file summarizing predictions as part of the 
analysis procedure.  The predictions are stored as links in the database and refer directly 
to the original summary outputs generated by the MEPDG software itself.  This provides 
the flexibility to alter various components of the MEPDG analysis and re-run a project, 
the database will automatically update the new content when next opened.  However, 
users without access to the MEPDG source files should disable links to avoid corrupting 





Figure A.1: Example of Flexible Pavement Database containing AASHO Road Test SID and distress history data, AASHTO predictions, and MEPDG predictions.
D1 D2 D3 TOTAL
SURFACE BASE SUBBASE
(in.) (in.) (in.) (in.)
Nov-58 7,047 3,523 31,922 3.5 Nov-58 0.14 0.134 0.436 62.6 15,493 2.9 97,806
Dec-58 0.39 0.326 0.492 65.1 30,985
Jan-59 0.59 0.479 0.521 66.4 46,478
Feb-59 69,502 34,751 439,285 3.0 Feb-59 1.28 0.783 0.57 68.6 61,971 1.2 155,660
Mar-59 71,450 35,725 745,406 1.5 Mar-59 3.31 1.26 0.631 71.5 77,463 0.7 313,187
Apr-59 7.49 2.03 0.676 73.9 92,956
May-59 20.5 3.74 0.763 78.5 108,449
Jun-59 34.2 5.34 0.813 81.5 123,942
Jul-59 50 7.2 0.859 84.5 139,434
Aug-59 65.5 8.84 0.888 86.7 154,927
Sep-59 78.3 10.1 0.906 88.2 170,420
Oct-59 83 10.7 0.911 88.9 185,912
Nov-59 86.7 11.3 0.917 89.5 216,882
Dec-59 89.7 11.8 0.921 90 247,852
Jan-60 90.5 12 0.923 90.3 278,822
Feb-60 96 12.8 0.929 91 309,792
Mar-60 104 13.7 0.935 91.9 340,762
Apr-60 120 15.1 0.945 93.2 371,732
May-60 164 18 0.973 96.2 402,701
Jun-60 222 21.5 1.011 100.1 433,671
Jul-60 289 25.2 1.058 104.6 464,641
Aug-60 336 27.6 1.076 107.1 495,611
Sep-60 366 29.1 1.086 108.7 526,581
Oct-60 379 29.8 1.09 109.5 557,551
Nov-58 0.09 0.107 0.433 62.5 15,493
Dec-58 0.27 0.261 0.486 64.8 30,985
Jan-59 0.39 0.378 0.512 66 46,478
Feb-59 0.88 0.624 0.559 68.1 61,971
Mar-59 79,616 39,808 218,051 3.7 Mar-59 2.12 0.997 0.619 70.8 77,463 3.3 111,645
Apr-59 85,901 42,951 307,218 3.5 Apr-59 4.66 1.59 0.664 73.1 92,956 1.9 166,215
May-59 107,152 53,576 587,610 3.0 May-59 12.2 2.96 0.755 77.7 108,449 1.7 314,434
Jun-59 132,739 66,370 959,521 2.5 Jun-59 19.4 4.18 0.797 80.2 123,942 1.4 474,722
Jul-59 188,799 94,400 1,674,391 2.0 Jul-59 29.6 5.66 0.841 82.9 139,434 1.1 643,984
Aug-59 233,346 116,673 2,217,305 1.8 Aug-59 39.4 6.99 0.869 84.9 154,927 713,788
Sep-59 47.2 8.04 0.886 86.2 170,420
Oct-59 49.6 8.52 0.891 86.7 185,912
Nov-59 51.4 9.02 0.897 87.3 216,882
Dec-59 372,392 186,196 3,885,016 1.5 Dec-59 52.8 9.46 0.901 87.8 247,852 0.6 820,482
Jan-60 53.4 9.66 0.903 88.1 278,822
Feb-60 56.2 10.4 0.911 88.9 309,792
Mar-60 60.4 11.2 0.917 89.7 340,762
Apr-60 69.3 12.4 0.927 90.9 371,732
May-60 93.7 14.8 0.952 93.4 402,701
Jun-60 128 17.6 0.986 96.6 433,671
Jul-60 174 20.8 1.032 100.6 464,641
Aug-60 204 23 1.05 102.8 495,611
Sep-60 222 24.3 1.059 104.1 526,581
Oct-60 229 25 1.062 104.8 557,551
12 19 3.5
Time
1 6 2 299 4 3
ESAL PSI ESALs
3 8 15 3.06
SN
SECTION ID
LANE LOOP Block ID





















Appendix B: AASHO Road Test Transverse Profile Data 
AASHO ROAD TEST MEPDG 







TIME Original Profile 12.0 9.0 6.0 3.0 0.0 
2 749 2.16 4,041 
July 1959 
Change in Elevation 0.4 0.0 0.0 -0.2 -0.1 
-0.1 0.1 Transverse Profile -1.1 -0.9 -0.5 -0.4 -0.1 
Rut Depth   -0.1   -0.1   
October 1959 
Change in Elevation 0.1 -0.1 -0.1 -0.2 -0.1 
0.0 0.1 Transverse Profile -1.4 -1.0 -0.6 -0.4 -0.1 
Rut Depth   0.0   -0.1   
March 1960 
Change in Elevation 1.2 0.6 0.5 X 0.4 
-0.2 0.1 Transverse Profile -0.3 -0.3 0.0 X 0.4 
Rut Depth   -0.2   X   
August 1960 
Change in Elevation 0.0 -0.2 -0.2 -0.5 -0.4 
-0.1 0.1 Transverse Profile -1.5 -1.1 -0.7 -0.7 -0.4 
Rut Depth   0.0   -0.2   
October 1960 
Change in Elevation 0.0 -0.2 -0.1 -0.5 -0.4 
-0.1 0.1 Transverse Profile -1.5 -1.1 -0.6 -0.7 -0.4 
Rut Depth   -0.1   -0.2   
                          
2 763 2.6 11,122 July 1959 
Change in Elevation 0.2 0.0 0.2 0.1 0.1 
-0.1 0.1 Transverse Profile -1.3 -0.9 -0.3 -0.1 0.1 





Change in Elevation -0.1 -0.4 -0.1 -0.1 -0.1 
-0.1 0.1 Transverse Profile -1.6 -1.3 -0.6 -0.3 -0.1 
Rut Depth   -0.2   0.0   
March 1960 
Change in Elevation 0.6 0.1 0.2 0.2 0.2 
-0.1 0.1 Transverse Profile -0.9 -0.8 -0.3 0.0 0.2 
Rut Depth   -0.2   0.1   
August 1960 
Change in Elevation -0.1 -0.2 -0.1 -0.2 -0.2 
0.0 0.1 Transverse Profile -1.6 -1.1 -0.6 -0.4 -0.2 
Rut Depth   0.0   0.0   
October 1960 
Change in Elevation -0.2 -0.4 -0.1 -0.4 -0.2 
-0.2 0.1 Transverse Profile -1.7 -1.3 -0.6 -0.6 -0.2 
Rut Depth   -0.2   -0.2   
                          
3 123 3.04 163,926 
July 1959 
Change in Elevation -0.1 -0.2 0.1 0.0 0.2 
-0.1 0.3 Transverse Profile -1.6 -1.1 -0.4 -0.2 0.2 
Rut Depth   -0.1   -0.1   
October 1959 
Change in Elevation 0.0 -0.5 -0.1 -0.2 0.0 
-0.2 0.4 Transverse Profile -1.5 -1.4 -0.6 -0.4 0.0 
Rut Depth   -0.4   -0.1   
March 1960 
Change in Elevation -0.1 -0.5 0.4 0.2 0.5 
-0.4 0.4 Transverse Profile -1.6 -1.4 -0.1 0.0 0.5 
Rut Depth   -0.6   -0.2   
                          
3 139 3.48 522,242 
July 1959 
Change in Elevation 0.1 -0.1 0.0 -0.2 0.0 
-0.1 0.3 Transverse Profile -1.4 -1.0 -0.5 -0.4 0.0 
Rut Depth   -0.1   -0.2   




Transverse Profile -1.5 -1.1 -0.5 -0.4 0.0 
Rut Depth   -0.1   -0.2   
March 1960 
Change in Elevation 0.5 -0.1 0.2 -0.1 0.1 
-0.3 0.4 Transverse Profile -1.0 -1.0 -0.3 -0.3 0.1 
Rut Depth   -0.4   -0.2   
August 1960 
Change in Elevation -0.2 -0.5 0.0 -0.5 -0.1 
-0.4 0.4 Transverse Profile -1.7 -1.4 -0.5 -0.7 -0.1 
Rut Depth   -0.3   -0.4   
October 1960 
Change in Elevation -0.2 -0.5 -0.1 -0.5 -0.1 
-0.3 0.4 Transverse Profile -1.7 -1.4 -0.6 -0.7 -0.1 
Rut Depth   -0.3   -0.4   
                          
4 581 4.36 1,114,000 
July 1959 
Change in Elevation -0.2 -0.6 -0.1 -0.5 -0.2 
-0.4 0.4 Transverse Profile -1.7 -1.5 -0.6 -0.7 -0.2 
Rut Depth   -0.5   -0.3   
November 1959 
Change in Elevation -0.1 -0.6 -0.1 -0.6 -0.2 
-0.5 0.4 Transverse Profile -1.6 -1.5 -0.6 -0.8 -0.2 
Rut Depth   -0.5   -0.4   
March 1960 
Change in Elevation 0.4 -0.4 0.0 -0.5 0.0 
-0.5 0.4 Transverse Profile -1.1 -1.3 -0.5 -0.7 0.0 
Rut Depth   -0.5   -0.5   
August 1960 
Change in Elevation -0.8 -1.2 -0.5 -1.1 -0.6 
-0.5 0.5 Transverse Profile -2.3 -2.1 -1.0 -1.3 -0.6 
Rut Depth   -0.5   -0.5   
October 1960 
Change in Elevation -0.5 -1.0 -0.2 -1.0 -0.4 
-0.6 0.5 Transverse Profile -2.0 -1.9 -0.7 -1.2 -0.4 




                          
4 601 3.48 621,000 
July 1959 
Change in Elevation -0.2 -0.7 -0.1 -0.4 -0.1 
-0.4 0.6 Transverse Profile -1.7 -1.6 -0.6 -0.6 -0.1 
Rut Depth   -0.5   -0.3   
November 1959 
Change in Elevation -0.2 -0.7 -0.1 -0.6 -0.1 
-0.5 0.6 Transverse Profile -1.7 -1.6 -0.6 -0.8 -0.1 
Rut Depth   -0.5   -0.5   
March 1960 
Change in Elevation 0.0 -0.7 -0.2 -0.6 -0.1 
-0.5 0.7 Transverse Profile -1.5 -1.6 -0.7 -0.8 -0.1 
Rut Depth   -0.5   -0.4   
                          
4 629 3.48 593,500 
July 1959 
Change in Elevation -0.5 -0.8 -0.1 -0.5 -0.1 
-0.4 0.4 Transverse Profile -2.0 -1.7 -0.6 -0.7 -0.1 
Rut Depth   -0.5   -0.4   
October 1959 
Change in Elevation -0.2 -0.6 0.0 -0.4 0.1 
-0.5 0.5 Transverse Profile -1.7 -1.5 -0.5 -0.6 0.1 
Rut Depth   -0.5   -0.4   
March 1960 
Change in Elevation 0.4 -0.4 0.2 -0.1 0.4 
-0.5 0.5 Transverse Profile -1.1 -1.3 -0.3 -0.3 0.4 
Rut Depth   -0.6   -0.4   
                          
4 621 3.52 589,000 
July 1959 
Change in Elevation -0.4 -1.0 -0.1 -0.5 -0.1 
-0.4 0.4 Transverse Profile -1.9 -1.9 -0.6 -0.7 -0.1 
Rut Depth   -0.5   -0.4   
October 1959 
Change in Elevation -0.4 -1.0 -0.2 -0.6 -0.1 
-0.5 0.4 Transverse Profile -1.9 -1.9 -0.7 -0.8 -0.1 
Rut Depth   -0.5   -0.4   




Transverse Profile -1.4 -1.7 -0.5 -0.7 0.0 
Rut Depth   -0.8   -0.5   
                          
5 425 3.92 1,131,815 
July 1959 
Change in Elevation -0.4 -0.1 -0.2 -0.1 -0.2 
-0.5 0.6 Transverse Profile -1.9 -1.0 -0.7 -0.3 -0.2 
Rut Depth   -0.5   -0.4   
March 1960 
Change in Elevation 0.2 -0.8 0.0 -0.8 0.1 
-0.8 0.6 Transverse Profile -1.3 -1.7 -0.5 -1.0 0.1 
Rut Depth   -0.8   -0.8   
                          
5 427 4.78 1,882,743 
July 1959 
Change in Elevation -0.1 -0.5 0.0 -0.4 0.0 
-0.4 0.5 Transverse Profile -1.6 -1.4 -0.5 -0.6 0.0 
Rut Depth   -0.4   -0.4   
November 1959 
Change in Elevation -0.2 -0.6 -0.1 -0.6 -0.1 
-0.4 0.5 Transverse Profile -1.7 -1.5 -0.6 -0.8 -0.1 
Rut Depth   -0.4   -0.5   
March 1960 
Change in Elevation 0.7 -0.2 0.1 -0.2 0.1 
-0.4 0.5 Transverse Profile -0.8 -1.1 -0.4 -0.4 0.1 
Rut Depth   -0.5   -0.3   
August 1960 
Change in Elevation -0.7 -0.8 -0.2 -0.7 -0.2 
-0.4 0.6 Transverse Profile -2.2 -1.7 -0.7 -0.9 -0.2 
Rut Depth   -0.3   -0.5   
October 1960 
Change in Elevation -0.8 -1.0 0.2 -0.7 -0.2 
-0.6 0.6 Transverse Profile -2.3 -1.9 -0.3 -0.9 -0.2 
Rut Depth   -0.6   -0.7   
                          




Transverse Profile -1.6 -1.6 -0.6 -0.9 -0.1 
Rut Depth   -0.5   -0.6   
November 1959 
Change in Elevation -0.2 -0.8 -0.2 -0.8 -0.1 
-0.6 0.7 Transverse Profile -1.7 -1.7 -0.7 -1.0 -0.1 
Rut Depth   -0.5   -0.6   
March 1960 
Change in Elevation 0.4 -0.6 0.0 -0.6 0.0 
-0.6 0.8 Transverse Profile -1.1 -1.5 -0.5 -0.8 0.0 
Rut Depth   -0.7   -0.6   
                          
5 445 4.36 1,583,314 
November 1959 
Change in Elevation -0.1 -0.8 -0.1 -0.7 -0.1 
-0.6 0.5 Transverse Profile -1.6 -1.7 -0.6 -0.9 -0.1 
Rut Depth   -0.6   -0.6   
March 1960 
Change in Elevation 0.5 -0.5 0.1 -0.5 0.2 
-0.7 0.5 Transverse Profile -1.0 -1.4 -0.4 -0.7 0.2 
Rut Depth   -0.7   -0.6   
August 1960 
Change in Elevation -1.0 -1.3 -0.4 -1.1 -0.2 
-0.6 0.6 Transverse Profile -2.5 -2.2 -0.9 -1.3 -0.2 
Rut Depth   -0.5   -0.8   
October 1960 
Change in Elevation -0.8 -1.4 -0.4 -1.2 -0.2 
-0.8 0.6 Transverse Profile -2.3 -2.3 -0.9 -1.4 -0.2 
Rut Depth   -0.7   -0.9   
                          
5 447 4.34 2,392,259 
November 1959 
Change in Elevation 0.0 -0.5 0.0 -0.5 -0.1 
-0.4 0.5 Transverse Profile -1.5 -1.4 -0.5 -0.7 -0.1 
Rut Depth   -0.4   -0.4   
March 1960 
Change in Elevation 0.8 0.0 0.4 -0.1 0.2 
-0.4 0.5 Transverse Profile -0.7 -0.9 -0.1 -0.3 0.2 





Change in Elevation -0.6 -0.7 -0.1 -0.8 -0.2 
-0.4 0.6 Transverse Profile -2.1 -1.6 -0.6 -1.0 -0.2 
Rut Depth   -0.3   -0.6   
October 1960 
Change in Elevation -0.6 -1.0 -0.1 -1.0 -0.2 
-0.7 0.6 Transverse Profile -2.1 -1.9 -0.6 -1.2 -0.2 
Rut Depth   -0.6   -0.8   
                          
5 469 3.92 1,254,839 
July 1959 
Change in Elevation -0.1 -0.7 0.0 -0.5 -0.1 
-0.5 0.5 Transverse Profile -1.6 -1.6 -0.5 -0.7 -0.1 
Rut Depth   -0.6   -0.4   
November 1959 
Change in Elevation -0.2 -1.0 -0.1 -0.8 -0.2 
-0.7 0.5 Transverse Profile -1.7 -1.9 -0.6 -1.0 -0.2 
Rut Depth   -0.8   -0.6   
March 1960 
Change in Elevation 0.5 -0.4 0.2 -0.4 0.0 
-0.6 0.5 Transverse Profile -1.0 -1.3 -0.3 -0.6 0.0 
Rut Depth   -0.7   -0.5   
October 1960 
Change in Elevation         
 
-0.6 0.6 Transverse Profile -1.0 -1.3 -0.3 -0.6 0.0 
Rut Depth   -0.7   -0.5   
                          
5 475 3.9 1,222,384 
July 1959 
Change in Elevation -0.2 -0.8 -0.1 -0.7 -0.1 
-0.6 0.5 Transverse Profile -1.7 -1.7 -0.6 -0.9 -0.1 
Rut Depth   -0.6   -0.6   
November 1959 
Change in Elevation 0.0 -0.6 0.2 -0.4 0.0 
-0.5 0.5 Transverse Profile -1.5 -1.5 -0.3 -0.6 0.0 
Rut Depth   -0.6   -0.5   
March 1960 
Change in Elevation 0.4 -0.5 0.1 -0.5 0.1 
-0.6 0.5 




Rut Depth   -0.7   -0.6   
October 1960 
Change in Elevation         
 
-0.6 0.6 Transverse Profile -1.1 -1.4 -0.4 -0.7 0.1 
Rut Depth   -0.7   -0.6   
                          
5 477 4.34 2,480,338 
July 1959 
Change in Elevation 0.0 -0.7 0.0 -0.6 0.0 
-0.6 0.6 Transverse Profile -1.5 -1.6 -0.5 -0.8 0.0 
Rut Depth   -0.6   -0.6   
March 1960 
Change in Elevation 0.4 -0.6 0.1 -0.4 0.0 
-0.6 0.6 Transverse Profile -1.1 -1.5 -0.4 -0.6 0.0 
Rut Depth   -0.8   -0.4   
June 1960 
Change in Elevation -0.7 -1.3 -0.3 -0.8 -0.3 
-0.6 0.7 Transverse Profile -2.2 -2.2 -0.8 -1.0 -0.3 
Rut Depth   -0.7   -0.5   
August 1960 
Change in Elevation -1.1 -1.6 -0.7 -1.7 -0.5 
-0.8 0.7 Transverse Profile -2.6 -2.5 -1.2 -1.9 -0.5 
Rut Depth   -0.6   -1.1   
October 1960 
Change in Elevation -0.6 -1.2 -0.1 -0.8 -0.1 
-0.7 0.7 Transverse Profile -2.1 -2.1 -0.6 -1.0 -0.1 
Rut Depth   -0.8   -0.7   
                          
5 479 3.94 1,366,759 
July 1959 
Change in Elevation -0.1 -1.0 -0.2 -0.8 -0.4 
-0.6 0.5 Transverse Profile -1.6 -1.9 -0.7 -1.0 -0.4 
Rut Depth   -0.8   -0.5   
November 1959 
Change in Elevation 0.1 -0.7 0.1 -0.6 0.0 
-0.7 0.5 Transverse Profile -1.4 -1.6 -0.4 -0.8 0.0 





Change in Elevation 0.7 -0.2 0.4 -0.4 0.5 
-0.7 0.5 Transverse Profile -0.8 -1.1 -0.1 -0.6 0.5 
Rut Depth   -0.7   -0.8   
June 1960 
Change in Elevation -0.7 -1.5 -0.2 -0.8 -0.1 
-0.8 0.6 Transverse Profile -2.2 -2.4 -0.7 -1.0 -0.1 
Rut Depth   -1.0   -0.6   
August 1960 
Change in Elevation -1.1 -1.7 -0.6 -1.3 -0.5 
-0.7 0.6 Transverse Profile -2.6 -2.6 -1.1 -1.5 -0.5 
Rut Depth   -0.8   -0.7   
October 1960 
Change in Elevation -0.8 -1.6 -0.2 -1.1 0.0 
-0.7 0.6 Transverse Profile -0.8 -1.1 -0.1 -0.6 0.5 
Rut Depth   -0.7   -0.8   
                          
6 255 4.82 3,793,657 
July 1959 
Change in Elevation -0.8 -1.1 -0.2 -0.6 -0.1 
-0.5 0.6 Transverse Profile -2.3 -2.0 -0.7 -0.8 -0.1 
Rut Depth   -0.5   -0.4   
October 1959 
Change in Elevation -0.7 -1.0 -0.2 -0.6 0.0 
-0.5 0.6 Transverse Profile -2.2 -1.9 -0.7 -0.8 0.0 
Rut Depth   -0.5   -0.5   
March 1960 
Change in Elevation -0.6 -1.3 -0.3 -0.8 0.1 
-0.7 0.7 Transverse Profile -2.1 -2.2 -0.8 -1.0 0.1 
Rut Depth   -0.8   -0.7   
                          
6 263 4.78 4,170,789 
July 1959 
Change in Elevation -0.5 -1.2 -0.1 -1.0 -0.2 
-0.8 0.6 Transverse Profile -2.0 -2.1 -0.6 -1.2 -0.2 
Rut Depth   -0.8   -0.8   




Transverse Profile -2.2 -1.9 -0.9 -1.4 -0.4 
Rut Depth   -0.4   -0.8   
March 1960 
Change in Elevation 0.0 -1.0 0.0 -0.7 0.1 
-0.8 0.6 Transverse Profile -1.5 -1.9 -0.5 -0.9 0.1 
Rut Depth   -0.9   -0.7   
                          
6 309 4.78 7,005,006 
July 1959 
Change in Elevation -0.5 -1.1 -0.2 -0.6 -0.2 
-0.5 0.8 Transverse Profile -2.0 -2.0 -0.7 -0.8 -0.2 
Rut Depth   -0.7   -0.4   
October 1959 
Change in Elevation -0.6 -1.1 -0.2 -0.7 -0.2 
-0.5 0.8 Transverse Profile -2.1 -2.0 -0.7 -0.9 -0.2 
Rut Depth   -0.6   -0.5   
March 1960 
Change in Elevation -0.1 -1.0 -0.1 -0.5 0.0 
-0.6 0.9 Transverse Profile -1.6 -1.9 -0.6 -0.7 0.0 
Rut Depth   -0.8   -0.4   
June 1960 
Change in Elevation -1.0 -1.3 -0.3 -0.8 -0.2 
-0.5 0.9 Transverse Profile -2.5 -2.2 -0.8 -1.0 -0.2 
Rut Depth   -0.6   -0.5   
August 1960 
Change in Elevation -1.2 -1.3 -0.4 -1.1 -0.2 
-0.6 1.0 Transverse Profile -2.7 -2.2 -0.9 -1.3 -0.2 
Rut Depth   -0.4   -0.8   
October 1960 
Change in Elevation -1.3 -1.7 -0.4 -1.2 -0.4 
-0.8 1.0 Transverse Profile -2.8 -2.6 -0.9 -1.4 -0.4 
Rut Depth   -0.8   -0.8   
                          
6 333 5.66 7,619,718 July 1959 
Change in Elevation -0.4 -1.0 -0.2 -0.7 -0.4 
-0.5 0.6 




Rut Depth   -0.6   -0.4   
October 1959 
Change in Elevation -0.6 -1.1 -0.4 -1.0 -0.4 
-0.5 0.6 Transverse Profile -2.1 -2.0 -0.9 -1.2 -0.4 
Rut Depth   -0.5   -0.6   
March 1960 
Change in Elevation 0.0 -1.0 -0.4 -0.8 -0.4 
-0.5 0.6 Transverse Profile -1.5 -1.9 -0.9 -1.0 -0.4 
Rut Depth   -0.7   -0.4   
June 1960 
Change in Elevation -1.2 -1.6 -0.5 -1.1 -0.6 
-0.6 0.7 Transverse Profile -2.7 -2.5 -1.0 -1.3 -0.6 
Rut Depth   -0.7   -0.5   
August 1960 
Change in Elevation -1.2 -1.3 -0.5 -1.0 -0.6 
-0.4 0.7 Transverse Profile -2.7 -2.2 -1.0 -1.2 -0.6 
Rut Depth   -0.4   -0.4   
October 1960 
Change in Elevation -1.3 -1.8 -0.6 -1.2 -0.7 
-0.6 0.7 Transverse Profile -2.8 -2.7 -1.1 -1.4 -0.7 
Rut Depth   -0.8   -0.5   
                          
2 750 2.16 40,809 
July 1959 
Change in Elevation 0.1 -0.2 -0.4 -0.4 -0.1 
0.0 0.0 Transverse Profile -1.4 -1.1 -0.9 -0.6 -0.1 
Rut Depth   0.0   -0.1   
October 1959 
Change in Elevation -0.1 -0.4 -0.4 -0.4 -0.1 
-0.1 0.2 Transverse Profile -1.6 -1.3 -0.9 -0.6 -0.1 
Rut Depth   -0.1   -0.1   
March 1960 
Change in Elevation 0.8 0.0 0.2 0.0 0.4 
-0.3 0.2 Transverse Profile -0.7 -0.9 -0.3 -0.2 0.4 
Rut Depth   -0.4   -0.3   




Transverse Profile -1.9 -1.6 -0.9 -0.7 -0.4 
Rut Depth   -0.2   0.0   
October 1960 
Change in Elevation -0.2 -0.5 -0.2 -0.5 -0.4 
-0.2 0.2 Transverse Profile -1.7 -1.4 -0.7 -0.7 -0.4 
Rut Depth   -0.2   -0.2   
                          
2 764 2.6 110,083 
July 1959 
Change in Elevation 0.1 -0.1 0.1 0.0 0.1 
-0.1 0.2 Transverse Profile -1.4 -1.0 -0.4 -0.2 0.1 
Rut Depth   -0.1   -0.1   
October 1959 
Change in Elevation -0.2 -0.4 -0.2 -0.4 -0.1 
-0.2 0.2 Transverse Profile -1.7 -1.3 -0.7 -0.6 -0.1 
Rut Depth   -0.1   -0.2   
March 1960 
Change in Elevation 0.6 -0.1 0.1 0.0 0.2 
-0.2 0.2 Transverse Profile -0.9 -1.0 -0.4 -0.2 0.2 
Rut Depth   -0.4   -0.1   
August 1960 
Change in Elevation -0.4 -0.4 -0.2 -0.4 -0.2 
-0.1 0.2 Transverse Profile -1.9 -1.3 -0.7 -0.6 -0.2 
Rut Depth   0.0   -0.2   
October 1960 
Change in Elevation -0.4 -0.5 -0.4 -0.5 -0.2 
-0.1 0.2 Transverse Profile -1.9 -1.4 -0.9 -0.7 -0.2 
Rut Depth   0.0   -0.2   
                          
3 124 3.04 193,365 
July 1959 
Change in Elevation 0.5 0.0 0.2 -0.1 0.2 
-0.3 0.5 Transverse Profile -1.0 -0.9 -0.3 -0.3 0.2 
Rut Depth   -0.3   -0.3   
October 1959 
Change in Elevation 0.2 0.2 0.1 -0.4 0.0 
-0.1 0.5 




Rut Depth   0.2   -0.4   
March 1960 
Change in Elevation 1.1 0.1 0.5 0.0 0.5 
-0.5 0.5 Transverse Profile -0.4 -0.8 0.0 -0.2 0.5 
Rut Depth   -0.6   -0.5   
                          
3 140 3.48 539,790 
July 1959 
Change in Elevation 0.1 -0.2 0.0 -0.2 0.0 
-0.2 0.4 Transverse Profile -1.4 -1.1 -0.5 -0.4 0.0 
Rut Depth   -0.2   -0.2   
October 1959 
Change in Elevation 0.0 -0.2 -0.1 -0.5 0.0 
-0.2 0.5 Transverse Profile -1.5 -1.1 -0.6 -0.7 0.0 
Rut Depth   -0.1   -0.4   
March 1960 
Change in Elevation 0.7 -0.2 0.1 -0.4 0.1 
-0.5 0.5 Transverse Profile -0.8 -1.1 -0.4 -0.6 0.1 
Rut Depth   -0.5   -0.5   
August 1960 
Change in Elevation -0.1 -0.6 -0.1 -0.5 0.1 
-0.4 0.6 Transverse Profile -1.6 -1.5 -0.6 -0.7 0.1 
Rut Depth   -0.4   -0.5   
October 1960 
Change in Elevation 0.0 -0.6 -0.1 -0.5 0.1 
-0.5 0.6 Transverse Profile -1.5 -1.5 -0.6 -0.7 0.1 
Rut Depth   -0.5   -0.5   
                          
4 582 4.36 998,681 
July 1959 
Change in Elevation -0.1 -0.6 -0.2 -0.8 -0.2 
-0.5 0.5 Transverse Profile -1.6 -1.5 -0.7 -1.0 -0.2 
Rut Depth   -0.5   -0.6   
November 1959 
Change in Elevation -0.1 -0.6 -0.2 -0.8 -0.2 
-0.5 0.5 Transverse Profile -1.6 -1.5 -0.7 -1.0 -0.2 





Change in Elevation 0.4 -0.5 0.0 -0.7 0.0 
-0.6 0.6 Transverse Profile -1.1 -1.4 -0.5 -0.9 0.0 
Rut Depth   -0.5   -0.7   
August 1960 
Change in Elevation -0.6 -1.1 -0.5 -1.1 0.2 
-0.7 0.6 Transverse Profile -2.1 -2.0 -1.0 -1.3 0.2 
Rut Depth   -0.5   -0.9   
October 1960 
Change in Elevation -0.2 -0.7 -0.2 -0.8 -0.6 
-0.5 0.6 Transverse Profile -1.7 -1.6 -0.7 -1.0 -0.4 
Rut Depth   -0.5   -0.5   
                          
4 602 3.48 513,114 
July 1959 
Change in Elevation -0.6 -0.8 -0.2 -0.6 -0.1 
-0.5 0.7 Transverse Profile -2.1 -1.7 -0.7 -0.8 -0.1 
Rut Depth   -0.5   -0.4   
November 1959 
Change in Elevation -0.4 -0.8 -0.4 -0.6 -0.1 
-0.4 0.7 Transverse Profile -1.9 -1.7 -0.9 -0.8 -0.1 
Rut Depth   -0.5   -0.3   
March 1960 
Change in Elevation 0.0 -0.8 -0.2 -0.7 -0.1 
-0.6 0.8 Transverse Profile -1.5 -1.7 -0.7 -0.9 -0.1 
Rut Depth   -0.6   -0.5   
                          
4 630 3.48 566,396 
July 1959 
Change in Elevation -0.1 -0.8 -0.1 -1.0 -0.1 
-0.7 0.5 Transverse Profile -1.6 -1.7 -0.6 -1.2 -0.1 
Rut Depth   -0.5   -0.9   
October 1959 
Change in Elevation 0.1 -0.5 0.1 -0.6 0.1 
-0.6 0.6 Transverse Profile -1.4 -1.4 -0.4 -0.8 0.1 
Rut Depth   -0.5   -0.7   




Transverse Profile -0.8 -1.1 -0.1 -0.7 0.4 
Rut Depth   -0.7   -0.9   
                          
4 622 3.52 564,956 
July 1959 
Change in Elevation 0.1 -0.5 0.0 X -0.1 
-0.5 0.5 Transverse Profile -1.4 -1.4 -0.5 X -0.1 
Rut Depth   -0.5   X   
October 1959 
Change in Elevation 0.0 -0.5 -0.1 -0.6 -0.1 
-0.5 0.5 Transverse Profile -1.5 -1.4 -0.6 -0.8 -0.1 
Rut Depth   -0.5   -0.5   
March 1960 
Change in Elevation 0.6 -0.4 0.1 -0.5 0.0 
-0.6 0.6 Transverse Profile -0.9 -1.3 -0.4 -0.7 0.0 
Rut Depth   -0.7   -0.5   
                          
5 426 3.92 368,653 
July 1959 
Change in Elevation -0.4 -1.1 -0.2 -1.1 -0.2 
-0.8 0.7 Transverse Profile -1.9 -2.0 -0.7 -1.3 -0.2 
Rut Depth   -0.7   -0.9   
March 1960 
Change in Elevation 0.4 -1.0 0.0 -1.0 0.1 
-1.1 0.8 Transverse Profile -1.1 -1.9 -0.5 -1.2 0.1 
Rut Depth   -1.1   -1.0   
                          
5 428 4.78 2,118,495 
July 1959 
Change in Elevation -0.5 -0.7 -0.1 -0.4 0.0 
-0.3 0.6 Transverse Profile -2.0 -1.6 -0.6 -0.6 0.0 
Rut Depth   -0.3   -0.3   
November 1959 
Change in Elevation -0.6 -1.0 -0.5 -0.7 -0.1 
-0.4 0.6 Transverse Profile -2.1 -1.9 -1.0 -0.9 -0.1 
Rut Depth   -0.4   -0.4   
March 1960 
Change in Elevation 0.2 -0.7 -0.1 -0.5 0.1 
-0.6 0.7 




Rut Depth   -0.7   -0.5   
August 1960 
Change in Elevation -0.7 -1.2 -0.6 -1.0 -0.2 
-0.5 0.8 Transverse Profile -2.2 -2.1 -1.1 -1.2 -0.2 
Rut Depth   -0.5   -0.6   
October 1960 
Change in Elevation -0.8 -1.2 -0.5 -0.8 -0.2 
-0.4 0.8 Transverse Profile -2.3 -2.1 -1.0 -1.0 -0.2 
Rut Depth   -0.5   -0.4   
                          
5 442 3.9 309,856 
July 1959 
Change in Elevation -0.6 -1.3 -0.4 -1.0 -0.1 
-0.7 0.8 Transverse Profile -2.1 -2.2 -0.9 -1.2 -0.1 
Rut Depth   -0.7   -0.7   
November 1959 
Change in Elevation -0.5 -1.3 -0.4 -1.0 -0.1 
-0.7 0.9 Transverse Profile -2.0 -2.2 -0.9 -1.2 -0.1 
Rut Depth   -0.8   -0.7   
March 1960 
Change in Elevation 0.0 -1.3 -0.1 -1.0 0.0 
-1.0 0.9 Transverse Profile -1.5 -2.2 -0.6 -1.2 0.0 
Rut Depth   -1.2   -0.9   
October 1960 
Change in Elevation         
 
-1.0 1.1 Transverse Profile -1.5 -2.2 -0.6 -1.2 0.0 
Rut Depth   -1.2   -0.9   
                          
5 446 4.36 1,559,929 
November 1959 
Change in Elevation -0.4 -1.1 -0.2 -1.0 -0.1 
-0.8 0.7 Transverse Profile -1.9 -2.0 -0.7 -1.2 -0.1 
Rut Depth   -0.7   -0.8   
March 1960 
Change in Elevation 0.2 -0.8 0.0 -0.7 0.2 
-0.8 0.7 Transverse Profile -1.3 -1.7 -0.5 -0.9 0.2 
Rut Depth   -0.8   -0.8   




Transverse Profile -2.0 -2.2 -0.3 -1.2 -0.2 
Rut Depth   -1.1   -1.0   
October 1960 
Change in Elevation -0.5 -1.2 -0.4 -1.0 -0.2 
-0.9 0.8 Transverse Profile -2.0 -2.1 -0.4 -1.2 -0.2 
Rut Depth   -0.9   -0.9   
                          
5 448 4.34 1,632,621 
November 1959 
Change in Elevation -0.7 -0.8 -0.1 -0.5 -0.1 
-0.3 0.7 Transverse Profile -2.2 -1.7 -0.6 -0.7 -0.1 
Rut Depth   -0.3   -0.4   
March 1960 
Change in Elevation 0.5 -0.5 0.1 -0.4 0.2 
-0.6 0.7 Transverse Profile -1.0 -1.4 -0.4 -0.6 0.2 
Rut Depth   -0.7   -0.5   
August 1960 
Change in Elevation -0.6 -1.2 -0.2 -0.8 -0.2 
-0.6 0.8 Transverse Profile -2.1 -2.1 -0.7 -1.0 -0.2 
Rut Depth   -0.7   -0.6   
October 1960 
Change in Elevation -0.6 -1.3 -0.4 -1.0 -0.2 
-0.7 0.8 Transverse Profile -2.1 -2.2 -0.9 -1.2 -0.2 
Rut Depth   -0.7   -0.7   
                          
5 470 3.92 755,535 
July 1959 
Change in Elevation -0.1 -1.0 -0.2 -0.7 -0.1 
-0.6 0.6 Transverse Profile -1.6 -1.9 -0.7 -0.9 -0.1 
Rut Depth   -0.8   -0.5   
November 1959 
Change in Elevation -0.2 -1.2 -0.2 -1.0 -0.2 
-0.8 0.7 Transverse Profile -1.7 -2.1 -0.7 -1.2 -0.2 
Rut Depth   -0.9   -0.8   
March 1960 
Change in Elevation 0.5 -1.0 0.0 -0.7 0.0 
-0.9 0.7 Transverse Profile -1.0 -1.9 -0.5 -0.9 0.0 





Change in Elevation         
 
-0.9 0.8 Transverse Profile -1.0 -1.9 -0.5 -0.9 0.0 
Rut Depth   -1.2   -0.7   
                          
5 476 3.9 712,872 
July 1959 
Change in Elevation -0.4 -1.0 -0.2 -1.0 -0.1 
-0.7 0.6 Transverse Profile -1.9 -1.9 -0.7 -1.2 -0.1 
Rut Depth   -0.6   -0.8   
November 1959 
Change in Elevation -0.4 -0.8 0.0 -0.6 0.0 
-0.5 0.7 Transverse Profile -1.9 -1.7 -0.5 -0.8 0.0 
Rut Depth   -0.5   -0.6   
March 1960 
Change in Elevation 0.4 -0.8 0.1 -0.7 0.1 
-0.9 0.7 Transverse Profile -1.1 -1.7 -0.4 -0.9 0.1 
Rut Depth   -1.0   -0.8   
                          
5 478 4.34 2,132,626 
July 1959 
Change in Elevation -0.1 -0.7 0.0 -0.6 0.0 
-0.6 0.7 Transverse Profile -1.6 -1.6 -0.5 -0.8 0.0 
Rut Depth   -0.6   -0.6   
March 1960 
Change in Elevation 0.6 -0.6 0.1 -0.6 0.0 
-0.7 0.8 Transverse Profile -0.9 -1.5 -0.4 -0.8 0.0 
Rut Depth   -0.9   -0.6   
June 1960 
Change in Elevation -0.4 -1.2 -0.3 -0.9 -0.3 
-0.7 0.8 Transverse Profile -1.9 -2.1 -0.8 -1.1 -0.3 
Rut Depth   -0.8   -0.6   
August 1960 
Change in Elevation -0.5 -1.4 -0.6 -1.4 -0.5 
-0.8 0.9 Transverse Profile -2.0 -2.3 -1.1 -1.6 -0.5 
Rut Depth   -0.8   -0.8   




Transverse Profile -1.7 -2.1 -0.6 -0.9 -0.1 
Rut Depth   -1.0   -0.6   
                          
5 480 3.94 1,237,863 
July 1959 
Change in Elevation -0.4 -1.1 -0.4 -0.7 -0.4 
-0.4 0.6 Transverse Profile -1.9 -2.0 -0.9 -0.9 -0.4 
Rut Depth   -0.6   -0.3   
November 1959 
Change in Elevation -0.1 -0.8 0.0 -0.7 0.0 
-0.7 0.7 Transverse Profile -1.6 -1.7 -0.5 -0.9 0.0 
Rut Depth   -0.7   -0.7   
March 1960 
Change in Elevation 0.8 -0.5 0.2 -0.5 0.5 
-0.9 0.7 Transverse Profile -0.7 -1.4 -0.3 -0.7 0.5 
Rut Depth   -0.9   -0.8   
June 1960 
Change in Elevation -0.1 -1.1 -0.2 -1.0 -0.1 
-0.8 0.7 Transverse Profile -1.6 -2.0 -0.7 -1.2 -0.1 
Rut Depth   -0.9   -0.8   
August 1960 
Change in Elevation -0.5 -1.6 -0.5 -1.2 -0.5 
-0.8 0.8 Transverse Profile -2.0 -2.5 -1.0 -1.4 -0.5 
Rut Depth   -1.0   -0.7   
October 1960 
Change in Elevation -0.1 -1.2 -0.1 -0.8 0.0 
-0.9 0.8 Transverse Profile -0.7 -1.4 -0.3 -0.7 0.5 
Rut Depth   -0.9   -0.8   
                          
6 256 4.82 4,523,570 
July 1959 
Change in Elevation 0.1 -0.7 0.0 -0.7 -0.1 
-0.6 0.7 Transverse Profile -1.4 -1.6 -0.5 -0.9 -0.1 
Rut Depth   -0.7   -0.6   
October 1959 
Change in Elevation -0.2 -0.7 0.0 -0.7 0.0 
-0.6 0.7 




Rut Depth   -0.5   -0.7   
March 1960 
Change in Elevation 0.6 -0.6 0.1 -0.7 0.1 
-0.8 0.8 Transverse Profile -0.9 -1.5 -0.4 -0.9 0.1 
Rut Depth   -0.9   -0.8   
                          
6 264 4.78 4,442,005 
July 1959 
Change in Elevation 0.1 -1.0 -0.1 -0.8 -0.2 
-0.8 0.7 Transverse Profile -1.4 -1.9 -0.6 -1.0 -0.2 
Rut Depth   -0.9   -0.6   
October 1959 
Change in Elevation -0.4 -1.2 -0.4 -1.1 -0.4 
-0.7 0.7 Transverse Profile -1.9 -2.1 -0.9 -1.3 -0.4 
Rut Depth   -0.7   -0.7   
March 1960 
Change in Elevation 0.5 -0.7 0.1 -0.7 0.1 
-0.8 0.7 Transverse Profile -1.0 -1.6 -0.4 -0.9 0.1 
Rut Depth   -0.9   -0.8   
                          
6 310 4.78 3,547,770 
July 1959 
Change in Elevation -0.1 -0.7 -0.2 -0.7 -0.2 
-0.5 0.9 Transverse Profile -1.6 -1.6 -0.7 -0.9 -0.2 
Rut Depth   -0.5   -0.5   
October 1959 
Change in Elevation -0.5 -0.8 -0.4 -0.7 -0.2 
-0.3 0.9 Transverse Profile -2.0 -1.7 -0.9 -0.9 -0.2 
Rut Depth   -0.3   -0.4   
March 1960 
Change in Elevation 0.5 -0.5 0.0 -0.5 0.0 
-0.6 0.9 Transverse Profile -1.0 -1.4 -0.5 -0.7 0.0 
Rut Depth   -0.7   -0.5   
June 1960 
Change in Elevation -0.3 -1.0 -0.2 -0.7 -0.2 
-0.6 1.0 Transverse Profile -1.8 -1.9 -0.7 -0.9 -0.2 





Change in Elevation -0.4 -1.2 -0.2 -0.8 -0.2 
-0.7 1.1 Transverse Profile -1.9 -2.1 -0.7 -1.0 -0.2 
Rut Depth   -0.8   -0.6   
October 1960 
Change in Elevation -0.4 -1.2 -0.4 -0.8 -0.4 
-0.5 1.1 Transverse Profile -1.9 -2.1 -0.9 -1.0 -0.4 
Rut Depth   -0.7   -0.4   
                          
6 334 5.66 3,447,869 
July 1959 
Change in Elevation -0.1 -0.7 -0.4 -0.8 -0.4 
-0.4 0.7 Transverse Profile -1.6 -1.6 -0.9 -1.0 -0.4 
Rut Depth   -0.4   -0.4   
October 1959 
Change in Elevation -0.3 -1.0 -0.5 -0.8 -0.4 
-0.4 0.7 Transverse Profile -1.8 -1.9 -1.0 -1.0 -0.4 
Rut Depth   -0.5   -0.3   
March 1960 
Change in Elevation 0.0 -0.8 -0.5 -0.8 -0.4 
-0.4 0.7 Transverse Profile -1.5 -1.7 -1.0 -1.0 -0.4 
Rut Depth   -0.5   -0.3   
June 1960 
Change in Elevation -0.5 -1.0 -0.7 -1.1 -0.6 
-0.4 0.8 Transverse Profile -2.0 -1.9 -1.2 -1.3 -0.6 
Rut Depth   -0.3   -0.4   
August 1960 
Change in Elevation -0.5 -1.2 -0.5 -1.0 -0.6 
-0.5 0.8 Transverse Profile -2.0 -2.1 -1.0 -1.2 -0.6 
Rut Depth   -0.6   -0.4   
October 1960 
Change in Elevation -0.6 -1.2 -0.6 -1.0 -0.7 
-0.4 0.8 Transverse Profile -2.1 -2.1 -1.1 -1.2 -0.7 
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